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Abstract. Emergency Shutdown (ESD) systems are a fundamental part of the functional safety structure of mod-
ern industrial plants and are intended to protect personnel, equipment, the environment and production assets
when hazardous deviations occur in technological processes. Their principal task is to detect conditions that
may lead to loss of containment, fire, explosion, equipment damage or uncontrolled release of hazardous sub-
stances and to bring the process, or a defined part of it, to a predetermined safe state within the available process
safety time. Unlike the basic process control system, which maintains production variables around their normal
operating set points, the ESD system performs independent safety functions and remains capable of acting when
the normal control layer is unavailable or has failed. For this reason, appropriate physical and functional sep-
aration from the BPCS/DCS, independent power supplies and communication paths, fail-safe design principles
and controlled access to application software are essential requirements. A typical ESD architecture comprises
field sensors and transmitters, a safety logic solver and final control elements. Pressure, temperature, flow, lev-
el, flame, smoke and gas concentration may be monitored depending on the hazards identified during the risk
assessment. The logic solver evaluates the input signals, applies alarm limits, hysteresis, time confirmation and
interlock conditions, and initiates a trip when the defined safety criteria are fulfilled. The final elements, includ-
ing shutdown valves, solenoid valves, motor contactors, dampers and isolation devices, execute the required
action and must move reliably to their safe position, including in the event of loss of electrical or pneumatic
energy. Redundancy and voting arrangements such as loolD, 1002, 2002 and 2003 are selected according to
the required balance between safety availability, resistance to spurious trips and fault tolerance. In particular,
2003 voting enables continued operation after a single channel fault while preserving the capability to initiate
shutdown when two independent channels confirm the hazardous condition. The implementation process begins
with hazard identification and risk analysis, followed by the definition of Safety Instrumented Functions in the
Safety Requirements Specification. Each SIF is assigned a target Safety Integrity Level in accordance with the
required risk reduction and the applicable principles of IEC 61508 and IEC 61511. The selection of technical
means therefore cannot be based only on measurement range, accuracy or purchase price. It must also consider
systematic capability, failure rates, diagnostic coverage, hardware fault tolerance, environmental resistance,
response time, proof-test interval, maintainability, common-cause failures, cybersecurity and the availability of
documented operating experience. Verification of the achieved performance includes evaluation of the average
probability of failure on demand, architectural constraints and the contribution of sensors, logic solver and
final elements to the total probability of failure. Since final elements commonly represent a substantial share of
the SIF failure probability, suitable actuator sizing, de-energize-to-trip philosophy and partial-stroke testing
of shutdown valves are especially important. Reliable operation throughout the entire safety lifecycle requires
continuous self-diagnostics, time-stamped event logging, alarm transmission to HMI/SCADA, management of
bypasses and overrides, periodic proof testing, calibration, preventive maintenance and formal procedures for
modification and restart after a trip. Diagnostic information supports early detection of degraded channels,
but it does not replace proof testing of dangerous failures that remain hidden during normal operation. Human
factors are also significant: alarms must be unambiguous, operator actions must be clearly defined, and reset
of the shutdown function should be possible only after the initiating cause has been removed and the plant has
been verified as safe. The article examines the essence and application of ESD systems and systematizes the

Sl



principal criteria for selecting sensors, safety controllers, communication interfaces and final control elements.
The presented approach emphasizes that effective emergency shutdown is achieved not by a single certified
device, but by the coordinated design, validation, operation and maintenance of the complete safety instrument-
ed function. Properly implemented ESD systems reduce the probability and consequences of major industrial
accidents, improve protection of people and the environment, and contribute to the dependable and sustainable
operation of technological installations.
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Abstract. The sustainable production of bioenergy (including bioelectricity and solid, liquid, and gaseous bi-
ofuels) is an important factor in reducing greenhouse gas (GHG) emissions. Bioenergy sustainability is deter-
mined by international and national standards and certification schemes. In addition, bioenergy sustainability
assessment may consider other environmental, economic, and social indicators, such as the existence of circu-
lar production, wages, company profits, social benefits, etc. In the present work, research and analysis of the
sustainability of Bulgarian bioenergy production are carried out. For this purpose, a research methodology is
developed, including the formulation of an index of bioenergy production sustainability, collection of data on
Bulgarian bioenergy-producing firms, and calculation and analysis of the sustainability index using a prototype
information system and database for data storage and querying. Due to the relatively complete data available,
the analysis was conducted for 148 firms in 2022. The firms are ranked according to their sustainability index
values, and an analysis is provided based on their type of production and raw materials, availability of certifi-
cates, etc. Overall, the results of the analysis indicate insufficient sustainability of bioenergy production and the
need to develop and implement national standards and certification schemes corresponding to European and
international ones. It was found that accurate and reliable data are not available for a large number of firms in
the bioenergy sector. One of the reasons is the high dynamics of this relatively new industrial sector, including
the frequent opening, closing, and re-registration of firms; another is untimely reporting. The present research
and analysis constitute a first attempt to investigate the sustainability of Bulgarian bioenergy production. As a
next step, an extended analysis of bioenergy sustainability over a period of several years is planned, including
a georeferenced digital map of Bulgarian bioenergy producers.
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Abstract. Robotic systems represent a quiet yet significant revolution in medicine. They do not replace hu-
mans but rather complement them, enabling more precise diagnostics, safer treatment, and faster recovery.
The future of medicine lies in the harmonious collaboration between humans and machines, where technology
serves humanity and places the patient at the center of a smarter, more humane approach to healthcare. This
study presents a comprehensive approach to developing a surgical training system that simulates realistic in-
teractions between instruments and tissues. The findings contribute to the advancement of minimally invasive
surgical training by enabling personalized, data-driven learning experiences. The proposed system offers a
scalable and ethical alternative to traditional training methods, with potential applications in both academic
and clinical settings. Simulation programs successfully facilitated the transfer of acquired skills to real-world
scenarios, demonstrating the system's potential to enhance surgical training. Built on a modular principle, the
system is designed to accommodate future upgrades, both in terms of hardware and the development of new
VR- and AR-based applications. These enhancements are aimed at improving the quality of training for medical
students and supporting the professional development of surgical staff. The system allows users to acquire and
test various skills and explore instrument capabilities before using them in actual laparoscopic procedures. Sur-
gical training can be significantly enhanced through modern educational methods, such as simulation, struc-
tured curricula, and telemetering, as well as through cutting-edge technologies such as AI and AR. As surgical
procedures continue to evolve, the methods used to train surgeons must also evolve, embracing the highest
standards of patient care and surgical practice. Regarding information protection and access control, the po-
tential for implementing additional measures will be explored. These measures would be applied at all levels
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of data utilization to improve the secure and effective handling of laparoscopic instruments. Investigations
will also address combinations of access-control and information-protection mechanisms within the developed
mechatronic laparoscopic training system and its associated applications, including the application discussed
in this publication. Plans also include the secure transfer of data to central servers at educational or medical
institutions or to specialized medical cloud servers.

P. Blagov, P. Ruskov. VeloxWallet: A Digital Identity Wallet Conformant with the European Blockchain
Services Infrastructure (EBSI) 26
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Abstract. This paper presents VeloxWallet — a digital identity wallet developed by Veloxoft Ltd. to operate in full
compliance with the European Blockchain Services Infrastructure (EBSI). It outlines the European Blockchain
Partnership s (EBP) vision for utilizing Distributed Ledger Technology (DLT), as well as the application of the
eIDAS 2.0 model and EBSI for individual and organizational accreditation. The paper examines the wallet's
architecture, components, and core functionalities. VeloxWallet enables the creation, storage, and presentation
of Verifiable Credentials (VCs) in accordance with the eIDAS 2.0 framework and supports integration with
Qualified Trust Service Providers (QTSPs). The empirical results obtained through the development and appli-
cation of VeloxWallet in Bulgarian and European projects are also discussed, including TraceFarm, OnePass
(Horizon Europe: Digital Identity for SMEs and Access to Finance), and Digital Europe Node Expansion (Inte-
gration of TAO and Node services for public administrations). The potential strategic advantages of using the
wallet are outlined, together with the security and compliance aspects of operating within eIDAS 2.0 and EBSI
environments.
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CouiHocT ¥ BHeaApsiBaHe Ha ESD
CUCTEMM 32 AaBAPUITHO U3KJIIOUBAHE NMPHU
ynpaBjieHUE HA TEXHOJOTHYHHU MPOLecH

B. HosoB, H. HuxkosoB

Essence and Implementing ESD Systems for Emergency
Shutdown in Control of Technological Processes

V. Tsolov N. Nikolov

Department of Automation, Faculty of Computing and Automation, Technical University of Varna, 1 Studentska St., 9010 Varna, Bulgaria,

viktor.tsolov@tu-varna.bg, nn_nikolov@tu-varna.bg
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systems; automatic control systems, temperature; pressure, level;
Safety Integrity Levels (SIL).

Abstract. Emergency Shutdown (ESD) systems are a fundamental
part of the functional safety structure of modern industrial plants
and are intended to protect personnel, equipment, the environment
and production assets when hazardous deviations occur in techno-
logical processes. Their principal task is to detect conditions that
may lead to loss of containment, fire, explosion, equipment dam-
age or uncontrolled release of hazardous substances and to bring
the process, or a defined part of it, to a predetermined safe state
within the available process safety time. Unlike the basic process
control system, which maintains production variables around their
normal operating set points, the ESD system performs independent
safety functions and remains capable of acting when the normal
control layer is unavailable or has failed. For this reason, appro-
priate physical and functional separation from the BPCS/DCS,
independent power supplies and communication paths, fail-safe
design principles and controlled access to application software are
essential requirements. A typical ESD architecture comprises field
sensors and transmitters, a safety logic solver and final control el-
ements. Pressure, temperature, flow, level, flame, smoke and gas
concentration may be monitored depending on the hazards identi-
fied during the risk assessment. The logic solver evaluates the in-
put signals, applies alarm limits, hysteresis, time confirmation and
interlock conditions, and initiates a trip when the defined safety
criteria are fulfilled. The final elements, including shutdown valves,
solenoid valves, motor contactors, dampers and isolation devices,
execute the required action and must move reliably to their safe
position, including in the event of loss of electrical or pneumat-
ic energy. Redundancy and voting arrangements such as loolD,
1002, 2002 and 2003 are selected according to the required bal-
ance between safety availability, resistance to spurious trips and
fault tolerance. In particular, 2003 voting enables continued oper-
ation after a single channel fault while preserving the capability to
initiate shutdown when two independent channels confirm the haz-
ardous condition. The implementation process begins with hazard
identification and risk analysis, followed by the definition of Safety
Instrumented Functions in the Safety Requirements Specification.

Each SIF is assigned a target Safety Integrity Level in accordance
with the required risk reduction and the applicable principles of
IEC 61508 and IEC 61511. The selection of technical means there-
fore cannot be based only on measurement range, accuracy or
purchase price. It must also consider systematic capability, failure
rates, diagnostic coverage, hardware fault tolerance, environmen-
tal resistance, response time, proof-test interval, maintainability,
common-cause failures, cybersecurity and the availability of doc-
umented operating experience. Verification of the achieved perfor-
mance includes evaluation of the average probability of failure on
demand, architectural constraints and the contribution of sensors,
logic solver and final elements to the total probability of failure.
Since final elements commonly represent a substantial share of
the SIF failure probability, suitable actuator sizing, de-energize-
to-trip philosophy and partial-stroke testing of shutdown valves
are especially important. Reliable operation throughout the entire
safety lifecycle requires continuous self-diagnostics, time-stamped
event logging, alarm transmission to HMI/SCADA, management
of bypasses and overrides, periodic proof testing, calibration, pre-
ventive maintenance and formal procedures for modification and
restart after a trip. Diagnostic information supports early detec-
tion of degraded channels, but it does not replace proof testing of
dangerous failures that remain hidden during normal operation.
Human factors are also significant: alarms must be unambiguous,
operator actions must be clearly defined, and reset of the shutdown
function should be possible only after the initiating cause has been
removed and the plant has been verified as safe. The article exam-
ines the essence and application of ESD systems and systematizes
the principal criteria for selecting sensors, safety controllers, com-
munication interfaces and final control elements. The presented ap-
proach emphasizes that effective emergency shutdown is achieved
not by a single certified device, but by the coordinated design,
validation, operation and maintenance of the complete safety in-
strumented function. Properly implemented ESD systems reduce
the probability and consequences of major industrial accidents,
improve protection of people and the environment, and contribute
to the dependable and sustainable operation of technological in-
stallations.
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BbBenenune

Cucremure 3a aBapuifHO u3kiIrouBane (Emergency
Shutdown — ESD) ca mpenra3HadeHu ja OCUTYPST Oe30mac-
HOCT Ha Xopara, 000py/ABaHETO W OKOJHATA CPEAa MPU Bb3-
HUKBAaHE Ha OMACHU CUTYAIMH B TEXHOJIOTMYHUTE TPOIIECH.
Te nmpencrasisBaT aBTOMaTH3UPAHN CUCTEMH, KOUTO OTKPH-
BaT OTKJIOHEHUSI OT HOPMAJIHUTE NMapaMeTPH U OCHIIECTBSI-
Bar Obp30 M HAZEKIHO MPEYCTAHOBSBAHE HA IpoIleca, 3a
Jla ce TPEeIOTBPATAT aBapWH, SKCIIO3UHM WIM U3THYaHEe Ha
OITaCHU BEIIECTBA.

ESD cucrtemure ca gacT ot odmiara cuctema 3a QyHK-
nuoHaiHa Oe3omacHocT (Safety Instrumented System — SIS)
1 peaJu3nupaT Hal-BHCOKOTO HMBO Ha 3alUTa, OIPEAEICHO
mo crannapra [EC 61508/61511. OcHoBHHUTE UM (QYHKIUH
BKJIFOYBAT OTKPUBAHE HA aBAPUIHU YCIIOBUS UPE3 CHH3O0PH,
Jorudyecka oOpaboTKa Ha CHUTHAJIUTE Ype3 KOHTpPOJep, 3a-
JICWCTBaHEe Ha M3MBIHUTECIHN MEXaHW3MHU W WHAWKAIMS Ha
ChOUTHATA.

ESD cucremuTe HaMupar MUPOKO NPUIOKEHUE B Pe-
JIMIA UHYCTPUH, KBAETO € HEOOXOMMa BHCOKA CTETICH Ha
curyprocT. Te ce BHeIpsBaT 3a 3aIIMTa HA MHCTAJANNUTE,
00CITy KBaIlUs IEPCOHAI U OKOJIHATA Cpesia MPU KPUTHIHU
TEXHOJIOTUYHH OTKJIOHEHMs. l3uckBa ce na mpuTekaBaT
BHCOKA CKOPOCT Ha peakiys, IPEBHIIABAINA Ta3u HA APYTH
aBapUiHU MEXaHMW3MH, KaTO aBapUHHUS CTOI WM 3allUTH
B TporpaMupyemure jgorndeckn kontpoiaepu (PLC), koero
rapanTipa 0bp30 1 €pEKTHBHO IPEyCTAHOBSIBAHE Ha TIPOIIe-
ca WIN Ha OTJCITHU HETOBH YACTH.

N360pbT HA TEXHUYECKHU CPECTBA € KIIIOUOB 32 epek-
TUBHOCTTA M HaJISKAHOCTTA HA CUCTEMATA.

OCHOBHHUTE €JIEMEHTH Ha TE3H CHCTEMH Ca:

e CeH30pH, KOUTO CIEAIT OIPEACICHH PHCKOBH T1a-
paMeTpu Karo HajsiraHe, TeMIeparypa U HHUBO U
TpsiOBa J1a MPUTEKABAT BUCOKA TOYHOCT, YCTONUIH-
BOCT M B3PHBO3AIIUTEHOCT;

e Jlornuecku kouTpoaepu (PLC/ESD xonTpome-
pH), KOUTO TpsiOBa /1a MPUTEkKABAT BUCOKA Ha/ICK -
HOCT, Bb3MOXKHOCT 33 CaMOANArHOCTHKA M CEPTH-
(ukar 3a 6e30MacHOCT;

e M3nbiaHUTESHH MeXaHU3MM — BEHTHIIH, IPEKbC-
BaYM W 3a/IBW)KBAHMS, OCUTYpsIBaIlM OBP30 TIpe-
KBbCBaHE Ha ITpOIIeca;

e CucreMu 3a BH3yaIM3alUsi W CHTHAJIM3ALUSA
(HMI, SCADA), xonto MH(OOPMHPAT OTEPaTOPH-
Te M apxuBupar ceoutuaTa. [Ipu BHeApsiBaHETO HA
ESD cucremu ce u3BbpIliBa aHaIM3 Ha PUCKa, ONpe-
JIeTIst c€ HeOOXOMMOTO HUBO Ha O€30MacHOCT/HUBO
Ha unHTerpuret (Safety Integrity Level — SIL) u ce
OCHTYpsiBA CHbBMECTHMOCT C OCTaHAJINTE CHCTEMH
3a ympaBieHue. Bucokara HajexaHOCT, MyOnupa-
HETO Ha KPUTHUYHHM €IEMEHTH U JIECHATa MOIAPHKKA
ca 3aTbJDKUTEITHU M3UCKBAHUS ITPHU IIPOCKTHPAHETO.

CobiHocr

ESD cucremara e mocienHara JMHHWS Ha 3allATa B
pamKuTe Ha obmara cucreMa 3a (pyHKIMOHamHa Oe3omac-

Hoct (Safety Instrumented System — SIS). Ts ce akruBu-
pa aBTOMaTW4HO M OTPAaHWYABA IOCIEACTBHUATA OT OMACHU
CBHOUTHS KAaTO EKCIUIO3HH, MOKAPH, U3THYaHE HA TOKCUYHU
WJIN TOPUMH BEIECTBA U APYTY KPUTUYHU CUTYAIUH.
OcnoBuute ¢ynknnu Ha enHa ESD cucrema ca:
* HaOIIONEHNE 1 OTKPUBAHE HA aBAPUITHU ChCTOSTHUS
Ype3 CeH30PHU U JETEKTOPH (3a HaJsAraHe, TeMIepa-
Typa, HUBO, pa3Xxo[ U APYTH);
e Jormyecka oOpaboTKa Ha CHTHAIUTE Ype3 KOHTPO-
Jep, KOUTO ompenens HeOOXOAMMUTE ACHCTBHS U
TSIXHATa M0CIIEJOBATEIHOCT;
* AKTHBUpPAHE Ha W3IBIHUTEIHU MEXaHW3MH (BEH-
THIIH, TIPEKbCBAYH, 3aBHKBAHUS, OJIOKMPOBKU U
JpyTH);
* CHTHAIM3aLUs M apXUBHpaHE Ha CchOMTHATA 3a
MOCTIEIBAIL AaHATIH3.

ESD cucremute ce MpOEKTUPAT B CHOTBETCTBHE C
mexxayHaponaute ctaggapta IEC 61508 u IEC 61511, xou-
TO OTpenessIT HuBara Ha 6e3omacHocT (SIL) n m3uckBaHms-
Ta 3a HA/ISKIHOCT ¥ OTKA30yCTOHYMBOCT.

B ceBpemenHuTe TexHONOTWYHM mpeanpustus ESD
CHCTEMHUTE C€ MHTETPUPAT C IPyTH CUCTEMH 3 YIIPaBICHHUE
(DCS, PLC, SCADA), xato ocurypsBaT aBTOMaTHYHO H
6e301acHo criMpaHe Ha MPOLIECUTE TP HACTHIIBAHE HA aBa-
PHIHHY CUTyalluH ¥ TapaHTHPAT CUTYPHOCTTa Ha MPOU3BOJ-
CTBEHHUTE MHCTAJALUH.

OcnoBHuTE 00MacTH, B konto ESD Hammpa mpriioxe-
HHE, ca:

* Hedrena u razopa npoMHILIEHOCT — U3IIOI3BAT
ce 3a 3ammTa Ha JOOMBHH IIATGOPMH, KOMIIpE-
COPHHU CTaHIMU M paduHEpPHH, KaTo MperoTBpa-
TSABAT U3THYAHE HA TOPUMH Ta30Be, EKCIUIO3UH U
MOKapy Ype3 aBTOMATHYIHO 3aTBAPSIHE HA KIIallaH!
1 CIIUpaHe Ha IMOTOLH IIPH aBapHs;

* Xumuuecka U (apManeBTHYHA HHAYCTPHA —
IIPU TIPOM3BOJACTBO U CHXPAHEHHWE HA TOKCUYHU
WIN PEaKTUBHM BEIIECTBA CHCTEMHTE OCHUTYpSBAT
0€e301acHO M3KJIIOUBAHE HA PEAKTOPU, CMECHTEIN
1 TIOMIIN TIPH ONIACHU OTKJIOHEHUSI OT 33JaICHUTE
rapaMeTpy Ha CUCTEMAra;

* EHeprernka M TOIUIOJEKTPHYECKH LEHTPAJIH
— W3MOJI3BAT Ce 3a 3aIIUTaTa Ha TypOUHH, KOTIHN U
MIapOIIPOBONIU OT MPETrPsIBAHE, CBPbXHAIISTAHE NN
3ary0a Ha OXJIaXJaHe, KaTo TeHepupaT KOHTPOIH-
paHO CIMpaHE Ha MHCTANAIMATA,;

* MeTaqyprusi 1 MAIIHHOCTPOEHe — M3II0J3BaT Ce
3a IIPEeIOTBPATBaHE HA TOBPEIH B TIEIIHU, IPECOBU
JVHUH ¥ aBTOMAaTHU3HPaHU ITPOU3BOJICTBEHH CHCTE-
MU TIPH MEXaHUYHH WIN EIEKTPHUUCCKH HEU3IIPaB-
HOCTH.

M360p HAa TEXHHYECKH CPEACTBA

KirouoB moxasaren, okasBalll BIMSHUE BbPXY H300pa
Ha TEXHUYECKUTE CPEACTBA, € T. HAP. CPEOHA 6ePOSAIMHOCH
3a omxkasume npu nouckeane (PFDavg). PFDavg e cpkpa-
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menne oT Probability of Failure on Demand average u ce
W3II0JI3BA 32 N3YHCIISIBAHE HA HIBOTO HAa HHTETPHUTET Ha 0€3-
omacHoctTa (SIL) Ha ¢dyHKumsATa Ha Ge3omacHOCT (Safety
Instrumented Function — SIF). Toif moka3Ba kKakBa € cpen-
HaTa BEPOSTHOCT CHUCTeMara 3a 0e30MacHOCT Ja He U3IThJI-
HU (DyHKOHATA CH 32 OE30MAacCHOCT, KOTAaTO € HeOOXOIIMO.
Ilo-nuckara croitHoct Ha PFDavg mnokasBa no-HazexaHa
CHCTEMa U T0-BHCOKO HUBO Ha Oe3omacHocT [12].

[Ton®opbT HA TEXHUYECKUTE CPEACTBA 32 pearu3upa-
e Ha ESD cucremara Tps0OBa ma rapaHTHpa JOCTUTAaHE Ha
neneBoro SIL vuBo (IEC 61508/61511) [12,13] — maba. 1.

Koedummentst Ha PFDavg ce onpenens mo ciegnara
thopmymna:
(1) PFDavg= %,
KBJICTO A, € YECTOTaTa Ha ONAaCHH HEOTKPHTH MOBpEH (I10-
Bpemn/gac); T, € MHTepBANTBT HA TOKA3ATENCTBEHUS TECT (Ya-
COBe).

3a mo-cioxkHu apxuTekTypu (1002, 2003 u T.H.) WK
KOTaTo ca BKJIIOYCHU TUATHOCTUIHOTO MMOKPUTHE U BPEMETO
3a peMOHT, (hopMysara Npua0OuBa CISIHUS BU/I:

Apu X (T{+MTTR

(2) PFDavg = o x (1 - Do),

KBJIETO A, € OMACHHAT IPOIEHT Ha HEOTKPUTH TOBPEJIH;
MTTR e cpennoto Bpeme 3a peMoHT; DC e nruarnocTuyHo-
TO MOKPUTHE.

Ta6a. 1. SIL auBo (IEC 61508/61511)

PFDav dakTop 32 HAMAJIsIBaHe
SIL nuBo nana3ogﬂ Ha pucka (Risk Reduction
1 Factor, RRF)
SIL 1 102 00<10" | 10 mo 100
SIL2 1072 1o <102 | 100 mo 1,000
SIL 3 10 1o <107 | 1,000 mo 10,000
SIL 4 107 no<10* | 10,000 mo 100,000

Husara na 6e3omacHocT (HuBa Ha uHTerpurer) SIL —
¢hue. 1, ca OCHOBHA YacT MPHU U300pa Ha TEXHUYECKH CPE/I-
CTBa MpPU TPOEKTHPAHETO Ha CHCTEMUTE 332 aBTOMATHYHO
peryiiupaHe Ha pa3jIMYH{ TUIIOBE BEINYHHH.

TEAKECT HA TIOCTECTRHSITA JEKO HAPAHSIBAHE CEPROAND HAPABARANE BFORERCTRO. CRTLF TER RATACTEOSATMH
(1M 1 CMBPT CIVIAR TOCTENCTBHS
EKCIIOZHIHA HA HTEPCOHATA
HECTO
TR o — . . — MATKO MATKO
AJATEPHATHBH 3A HIBAI'BAHE HA OHACHOCTTA BEPOSITHO BEPOSITHO
]
= BHCOKO = 1 1 3 3 HII HII
&=
=
E
= HHCKO B - 1 2 3 3 it
=
£ MIOTO HHCKO . _ B, 1 2 3 it

- = HE CE H3HCKBAT CIEITHATHH BE3OIIACHH MEPKH

HII = HE CE HPEIIOPLYBA

®@ur. 1. Husa Ha Ge3omacHoCT (HuBa Ha uHTerpureT) SIL

HuBo 1 — npezcrapisiBa HUBO ¢ 0a3UpaHHU W3UCKBA-
HUSI, Ype3 KOUTO cUCcTeMaTa Jia ObJie N3KIIF0UeHa C Lel TIpe-
JIOTBpATsiBAHE Ha OTHOCHTENHO JPEOHH WMHIMACHTH, Karo
TOBA C€ MOCTHra 4Ype3 ONpPEeACsIeH MPOLEHT Ha IPeliKa Mpu
ynpasnenue [15].

HuBo 2 — npezcrapisiBa HUBO ¢ 0a3UpaHU W3UCKBA-
HUSI, Ype3 KOUTO cUCcTeMaTa Jia Objie N3KIIF0UeHa C Lel TIpe-
JIOTBpATsIBAHE Ha MO-CEPHO3HU MPOOIEMH, HIKOU OT KOMTO
MOrar Jia JOBEJIaT 10 CEPUO3HHU HapaHsSIBaHHS UM CMBPT Ha
paborHuIMTe W/WiK ciayxurenute [15].

HuBo 3 — npezcrapisiBa HUBO ¢ 0a3UpaHHU W3UCKBA-
HUSI, Ype3 KOUTO CUCTeMaTa Jia ObJie N3KIIF0UYeHa C el TIpe-
JIOTBpATSIBAHETO Ha CEPHO3HM IMPOOJIEMH, KOUTO OT CBOS
cTpaHa OMXa J0BEJIU J0 CUTypHa CMBPT Ha PaOOTHHUIIUTE ¥/
wim ciyxutenure [15].

HusBo 4 — mpencrapnsiBa HUBO ¢ 0a3WpaHW M3UCKBA-
HUS, 9pe3 KOUTO CHcTeMara Aa 0bJe M3KII0YeHa C IIel Ipe-
JOTBpaTsSBaHEe HA MamaOHW MpoOJIeMH, KOUTO Ie JOBeaaT
JI0 CMBPT Ha PAOOTHUIM W/ WK ciyxutenu [15].
ApxuTekTypa U npuHumnu [17]

* OU3NYECKO U JOTUYECKO pa3feiiTHe OT OCHOBHATA
cucrema 3a ynpasinenue (BPCS — Basic Process
Control System) u pasmpemerneHara cucremMa 3a
ynpasnenue (DCS — Distributed Control System),
HE3aBHUCUMH 3aXPaHBAHUS U MPEXKH;

» PesepBupanocTt u macyBane — 1002 3a BUCOKa Ha-
JUYHOCT; 2003 3a TOJIEPaHC KbM €IMHUYCH OTKa3,
1oo1D mpu nmo-aucwk SIL 1 AmarHocTHKa;

* Fail-safe ¢unocodus — npu 3aryba Ha 3axpaHBa-
HE TIPOLIECHT MPEMUHABa B OE30MIaCHO CHCTOSHHE
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(xmamanm fail-close/open, xonto oTHOBO ce M30H-
par cropez] OIICHEHHS PHCK);

CaMOIMarHoCTUKa M JIOKa3aTeICTBEHH TECTOBE
(proof testing), BKIIOYUTETHO (PyHKIIMOHATICH TECT
(PST — Partial Stroke Test) na ESD knamanmu.

W3uckBaHus npu u3060p Ha MojieBa H3MepBaTe/IHA
anaparypa (censopu/nerexkropu) [17]

Ceprudukar 3a 6ezomacHoct (SIL-capable), quar-
HOCTUYHU (DyHKIMM, HUCKA CHCTEMaTHYHA TPEI-
Ka,

Cpena u 30Ha 3a MoHTaX — ATEX/IECEX 3a omac-
HU 30HH, YCTOWYMBOCT Ha TeMIIepaTypa, BHOpa-
UM, KOPO3HS;

Juramuka — Obp30aeiicTBIE, HICKA 30HA Ha XHC-
TEpEe3Hnc;

Hamexnnoct — 3a BB3MOXKHO TpecMsTaHE Ha
PFDavg.

H3uckBaHusi Npu M300p HA JOTHYECKH pelIaBall
eJIeMeHT (KOHTpoJIep)

Ceprudukatu mo IEC 61508 (mo myxums SIL),
BIpaZieHO AWarHOCTUPAHE, apXHUB Ha CHOMTHS, Ya-
COBHMK/CHHXPOHU3ALMS 32 Pa3CIlIeIBaHMNS;
Pe3epBUpaHOCT Ha MPOLECOP — KOMYHUKALMOHHH
MOJIYJIH ¥ 3aXpaHBaHHU;

Komynukarmm, wm3omupann ot  BPCS; mon-
IpBXKKa Ha O0e30MacHW TPOTOKOIH (HAIpHMep
PROFISAFE) 3a otmaneuenu 1/0;
Kubepcuryproct B crorBercTBHe ¢ [EC 62443 n
HOJIPBKKA Ha )KyPHAIIU U CErMEHTALHs.

M3uckBaHusi mpu H300p HAa H3NBJIHUTEJIHH YC-
TPOHCTBA, KOSITO € eJHA OT HAH-Ba)KHUTE CThIIKH, Thil
KAaTo KJIANAHUTe U U3KJII0YBaTeJINTe onpeaesaT peaaHa-
Ta cnocoGHoCT 3a cnupane [17,18]

Kitanmanu — nreOnMpHY WM C IPYKUHHO BPBILAHE;
AKTIOATOpPH — ITHEBMAaTHYHH, CJIEKTPUYCCKH HIIH
XHUAPABINIHH;

ComeHOUZM W TIO3WIIMOHEPH CBC CepTUDUKAT
(IBOMHU COJNICHOMIM ITIPH H3IIOJN3BaHE HA JIOTHKA
1002);

PST ¢yHKIMOHATHOCT C YaCTHYHO 3aTBapsHE
3a MOBHILABAaHE HA MOKPUTHETO HA JHArHOCTHKA
MEX]y ITbJIHATE TECTOBE;

Cenzopu 3a monoxenune (limit switches) 3a mot-
BbpIKJIaBaHe Ha PEaHO JBIKCHIE/3aTBAPSIHE;
Enexrpuuecku npekbcBady 3a ABUTATEIIH/TIOMITH;
besonacHu KOHTakTOpH ¢ OBP3M MPEKbCBAYH, MO~
nepxamm UVT (Under-Voltage Trip).

M3uckBaHus NpH H300p Ha eJIeKTPO3axXpaHBaHUS
W crioMarartejiHu cuctemu [19]

JIByKaHaIHN 3aXpaHBAHUS ChC CEJICKTUBHU ITPEJ-
nasutenu; UPS/DC 6ydepn 3a kouTponepa u 1/0;
3a mMHEBMAaTHYHATA YacT — BB3AYX C QUITpanus u
ocyImraBaHe (THEBMaTHIHH TPYIIH);

automatica | aBTomaTuKa

Kabemnu Tpacera ¢ ¢pu3ndecko pa3zieisiHe — eKpa-
Hupane EMC.

H3uckBaHus Npu U300p HA YOBEKO-MAIIMHEH WH-
Tepdeiic u agapmu [17,18,19]

Mexaanuan 6ytoan 32 EMERGENCY STOP (tun
rp0a, ChC CaM03a/IbPIKAHE, MEXaHHUHO OTKITIOYBA-
HE), CBbp3aHu qupekTHo KbM ESD morukara;
HMI/SCADA — camo 3a MOHUTOPHHT, 0€3 /1a 3a0-
oukanst ESD norukara;

amapmeH MeHUIKMBHT (ISA-18.2/IEC 62682) ¢
MIPUOPHUTETH, (PUITPUPAHE U OTYETHOCT.

H3uckBaHus KBM JOKYMEHTALMsl, BaJuIUpaHe U
noaapbxkka — SRS (Safety Requirements Specification)

IIponiecHo omucanne, SIF-u, rpaHumm, peakuuy,
BPEMEHA;

WN3uucnenus — PFDavg, nokputhe Ha JuarHoCTu-
Ka, MHTEpBaJH 3a TecToBe (proof test intervals);
FAT/SAT, Loop Check, Cause & Effect marpurmy,
MIPOTOKOJHN 32 (PyHKIIMOHAITHU TECTOBE;
Excroaranus — miaH 3a HOAAPBKKA, KannOpa-
LIUH, IEPUOANYHH TECTOBE, YIPABICHNE Ha TIPOME-
w1 (MOC).

IIpakTHYecKH KPUTEPUH 32 U300p (YeKIUCT)

Ileneso SIL no SIF;

Wzucksan Spurious Trip Rate u momyctumo Bpeme
3a CIIpaHe;

Criermnduxanus ATEX/IECEx u IP — xopo3nonHa
YCTOMYUBOCT (BIIAro- M MpaxoyCTOMYNBOCT);
PesepBupaHocT/IiiacyBaHe Ha BXOJOBE, JIOTUKA H
H3XOH;

Juarnoctuka (Bkmountenno PST), Hammaau
MTBF/A nanuu 1 noaaphKKa HAa H3UUCICHHUATA;
Kubepcurypuoct u cermenranus ot BPCS;
Hanu4HOCT Ha pe3epBHHU YaCTH, JTIOKAJIEH CEPBH3 U
TCO (o0rmma 1ieHa Ha IPUTEKAHHUE);

Cause & Effect Tabnura u mporieypu 3a TecT/00y-
YeHHe.

Poast na PST npu u3o0p
HA TEXHUYECKHU CPeAcTBa

Ipu n360p Ha ESD cuctema BaxkHa CTHITKA ¢ U300PBT
Ha Tect Ha yactuueH xox — PST (Partial Stroke Test). PST
¢ (DyHKIMOHAJIEH TECT, PU KOWTO KIIAIIaHUTE Ce 3a/IeHCTBar
yacTuaHO (00MKHOBeHO Ha 10-20% oT meiHUA cu xox), 6e3
HAITBJTHO JIa CE 3aTBApSAT WM OTBApsT, C IIeJ Jia Ce MPOBEpH
paboTocrocoOHOCTTa Ha KJTaniaHa M N3ITBIHUTEITHNS MEXaHH-
3bM, 0€3 J]a ce MPEKbCBAT IMPOIECHT WIIH IIOTOKBT Ha (IIyH/Ia.

OcnoBHu nenu Ha PST

[TpoBepka Ha MHEBMaTHKaTa ¥ CUTHAJIM3AIMATA Ha
W3IIBIIHATEITHNS. MEXaHU3bM;

HamasnsiBane Ha BepOSTHOCTTA 3a OTKa3 MpHU peal-
Ha aBapHifHa CUTYyaIus;

aBmonmamuka
uundopnmamuka

3 20246

9



automatica | aBTomMaTHKa

* VapmKaBaHE Ha WHTEPBAIUTE MEXKIY IBIHUTE
(YHKIIMOHAJIHU TECTOBE, KOUTO M3UCKBAT CIIMPAHE
Ha WHCTaNaIMATA.

Metoau 3a u3pbpuiBade na PST

e Crpnka | — KJIanma"bsT € B HOPMAITHO PabOTHO TIO-
JIOKEHUE (HaIpUMep HAI'BITHO OTBOPEH);

* Crpmoka 2 — TECTHT C€ MHHALUUPA Ype3 KOHTPOIHA
cucrema SIS WM JTOKaJTHO yCTPOHCTBO;

* Crpnka 3 — W3IBJIHUTETHUAT MEXaHU3BM IIpe-
MECTBA KJIalaHa 9acTH4IHO (Hanmpumep 15%);

* Crpnka 4 — KJana"bT ce BPBIIA B U3XOIHO IMOJIO-
KEHHE;

* Crpmka 5 — cucTemara 3anicBa pesynrara (Bpeme-
TO 3 pEaKnus, CKOPOCT, MTO3ULUS U APYTH).

Bupose PST

¢ Mexannden PST — u3nons3Ba MexaHMYHH OTPaHU-
YUTEIH, KOUTO CTIIMPAT ABMKEHUETO HA KIIalaHa,

* Enextponen PST — ympaBnsBa ce OT eIeKTpOHEH
KOHTposiep (Hampumep smart positioner), KOUTO
TOYHO OTPaHUYaBa XOJa.

IMoa3u ot PST

* IlonoOpsBa HamEXKIHOCTTA HA CHCTEMaTa 3a 0e3-
OTIaCHOCT;

» HamasnsiBa pricka OT 0TKa3 10 BpeMe Ha aBapus;

* mo3BoJIsIBa online TecTBaHe, 6e3 a criMpa MPOM3-
BOJICTBEHUS TIPOIIEC;

e OcurypsiBa IMarHOCTUYHH JaHHHU 32 MPOTHO3HA
MOAJPBIKKA.

DOWNTIME B cucremure
32 aBAPUIHO U3KJII0YBaHE
(Emergency Shutdown Systems — ESD)

DOWNTIME B rontekcra Ha Emergency Shutdown
System (ESD) e BpeMeTo, Ipe3 KOETO JaJicHa CUCTEMa WA
WHCTANalMs € HEAOCThIIHA, HepaboTela WM M3BBH EKC-
rutoaranusi cjel akTHBHpaHE Ha aBapUMHO HM3KIIOYBAHE.
DOWNTIME moxe na ce mpueme 3a nepuojaa oT MOMEHTa
Ha 3aJIeliCTBaHe Ha cHcTeMara (aBapUitHO M3KIIIOYBAHE) 110
MOMEHTA, B KOMTO 000py/IBAaHETO MIIM MHCTANIAIMATA:

* ce BpbIa B HOPMAJICH PEXKUM Ha paboTa;

* OTHOBO € JIOCTBITHA 32 EKCIIJIOATaIHs.

W xazano taka: DOWNTIME e BpemeTo Ha mpe-
CTOM, IPUUMUHEHO OT:
» 3azericrBane Ha ESD;
* JMarHOCTHKAa M MPOBEPKH;
* OTCTpaHsBaHE HA IPUYMHHUTE 33 aBapUHHO W3-
KJTFOYBaHE;
* pecTapTupaHe U TECTBAHE Ha CHCTEMATa;

Bunosere DOWNTIME B ESD ca:

Inanupan npecroii (Planned Downtime):

* Cucremara ce TeCTBa 3a MOJAPBKKA MpoduIax-
THYHO;

* IIpon3BOACTBOTO ce cIMpa KOHTPOIUPAHO.

Hennanupan npecroii (Unplanned Downtime):

* Cucremara Ha ESD ce 3azeficTBa mopaam aBapus,
Teu, MPEBUILICHO HAJITaHE U JIPYTH;

* IIpon3BOACTBOTO CIMpa BHE3AIHO;

* Haii-kputnuen Buz, BIusgen Ha 0€30MacHOCTTA H
Ha NKOHOMHWYECKUTE MOKAa3aTellu.

CaeneHoro Ha DOWNTIME na ESD e BakHa
crpnka [11, 12, 13] 3a:

* aHajM3 Ha HAJICKIHOCTTA HAa CHcTeMara (Harpu-
mep MTBE, MTTR);

* ONTHMU3AIINS HA POU3BOJICTBEHUTE 3aryOu;

* OlEeHKa Ha e(EeKTHBHOCTTa Ha TMPOLEIYPHUTE 3a
BBH3CTAaHOBSIBAHE;

* TMOBHIIaBaHe Ha OE30MMaCHOCTTAa W HamallsBaHE Ha
(hanmBHUTE 330CHCTBAHNS.

OcHoBHUTe MOKa3aTeu, cBbp3anu ¢ DOWNTIME,
ca[12, 13]:

* MTBF (Mean Time Between Failures) — cpenmo
BpeMe MEKIy OBPE/IH;

* MTTR (Mean Time To Repair) — cpexno Bpeme 3a
BB3CTAHOBSIBAHE;

* Availability — 1ocTBIIHOCT, KOSTO c€ TONyYaBa OT
cnexaara Gopmyna:

(3) —M_y100;
MTBF+MTTR

* DOWNTIME per Year — o011 ipectoii 3a roquHa —
U3MO0JI3BA CE OIICHKA Ha EKCIUIoaTallMOHHATa To-
TOBHOCT.

Pasmiexxza ce clieIHUAT IPUMEPEH U3UUCIUTENIEH MO-
nen 3a DOWNTIME nwa ESD nmpu xuMndecka HHCTaIaus:

Taou. 2. Jlor Ha unnuaearure 1 DOWNTIME

Anarso- Bpeme 3a nonpaBka Bpewme 3a pecrapr 06y DOWNTIME
Jara Mpuuuna CTHKA Ha cHCTEMAaTa B
B YacoBe B 4acoBe
B YacoBe yacoBe
2024-01-30 | Anapma 3a U3THUAHE Ha ra3 1.45 2.47 2.98 6.9
2024-04-09 | 3ary0a Ha 3axpaHBaHE 1.86 4.37 2.23 8.46
2024-06-10 | 3ary0a Ha 3axpaHBaHe 1.4 4.59 0.99 6.98
. .. P aBmonmamuka
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Anarno- Bpeme 3a nonpaBka Bpewe 3a pecrapr 06 DOWNTIME
Hara IIpuunna CTHKA HA cUcTeMaTa
B YacoBe B YacoBe

B UacoBe B YacoBe
2024-08-01 | 3ary6a Ha 3axpaHBaHe 0.83 4.44 0.67 5.94
2024-08-16 | 3ary0a Ha 3axpaHBaHE 0.8 2.32 2.09 5.21
2024-08-25 | Anapma 3a U3YHMTAHE Ha ra3 1.89 5.41 291 10.21
2024-10-31 | Bucoko Hansrane 1.75 2.36 291 7.02
7074-17-22 | 3aryba Ha 3aXpaHBaHe 1.12 2.38 1.48 4.98
2024-12-28 | Anapma 3a U3THYAHE Ha ra3 1.9 5.21 2.77 9.88

Taoa. 3. Ilokaszaren Ha epexTuBHOCT — KPI

Iloxa3aren 3a epexTuBHOCT — KPI Ha cucremara
3a aBapuiiHo uskouBane — ESD
Ioka3aren Croiinoct
CpabotBane Ha 3amura (6poif IbTH) 9.0
MTTR B yacose 7.29
MTBF B uacose 959.14
Availability (%) 99.25
Togumren Downtime B yacose 65.58

ITo mpencrasenara ¢popmyia (3) 3a Availability ce mo-
nmydaBa rpadukara 3a ooy DOWNTIME na ESD, nokazana
Ha ¢ue. 2.
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3ak/ouenue

ESD cucremuTe ca OCHOBEH €JIEMEHT 3a Oe3omacHa
eKCIUIoaTalys Ha MPOMHUIIIICHUTE npolieck. Te ocurypssar

MOCIIETHATA JIMHUS Ha 3aI[UTa TIPU aBapHUU U JOTPUHACAT 32
YCTOWYMBO, CUI'YPHO U €(DEKTHBHO yNpPABJICHUE Ha MPOH3-
BOJICTBEHUTE MHCTAJIAIHIH.

ITpoextupanero Ha ESD cucremuTe n3nckBa crerua-
JIeH 1oA00p Ha TEXHUYECKUTE CPECTBA 32 aBTOMATH3AIIHSL.
KirouoB mokaszaren, okaspalll BIWsSHHE BbpPXy H300pa Ha
TEXHUYECKHUTE CPEACTBA, € T. HAP. CPEOHA 8ePOAMHOCI 3d
omxasume npu nouckeane (PFDavg). 1306pannuTte TexHmue-
CKH CPEZACTBa TPAOBA /1a TAPAHTUPAT TOCTUTAHE HAa IIEJIEeBO-
to SIL HEBO.

ApXHTEKTypaTa ¥ IPUHIUIUTE 3a u3rpaxaane Ha ESD
CHUCTEMHTE TPsIOBa Jla OTrOBapsT Ha pelula CHeUUPpUIHA
M3WCKBAaHUS KaTo (PM3UYECKO W JIOTHYECKO pa3feiicHHe Ha
CHCTEMUTE, PE3ePBUPAHOCT, CAMOIUATHOCTUKA U JPYTH.

CrieriaTHi M3UCKBAHUS CE MPEABSIBAT M KbM IIOJIE-
BOTO 00OpyaBaHE, JOTHUECKUS KOHTPOJIEDP, U3ITbIHUTEIHNU-
te ycrporictBa HMI u SCADA cuctemure. [Tpu nmpoexrupa-
Heto Ha ESD cucreMa BaxkHa CTBIIKA € M300PHT HA TECT HA
gactuueH xox — PST.
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Abstract. The sustainable production of bioenergy (including bio-
electricity and solid, liquid, and gaseous biofuels) is an important
factor in reducing greenhouse gas (GHG) emissions. Bioenergy
sustainability is determined by international and national stan-
dards and certification schemes. In addition, bioenergy sustain-
ability assessment may consider other environmental, economic,
and social indicators, such as the existence of circular production,
wages, company profits, social benefits, etc. In the present work,
research and analysis of the sustainability of Bulgarian bioenergy
production are carried out. For this purpose, a research method-
ology is developed, including the formulation of an index of bio-
energy production sustainability; collection of data on Bulgarian
bioenergy-producing firms; and calculation and analysis of the
sustainability index using a prototype information system and da-
tabase for data storage and querying. Due to the relatively com-
plete data available, the analysis was conducted for 148 firms in
2022. The firms are ranked according to their sustainability index
values, and an analysis is provided based on their type of produc-
tion and raw materials, availability of certificates, etc. Overall, the
results of the analysis indicate insufficient sustainability of bioen-
ergy production and the need to develop and implement national
standards and certification schemes corresponding to European
and international ones. It was found that accurate and reliable
data are not available for a large number of firms in the bioenergy
sector. One of the reasons is the high dynamics of this relatively
new industrial sector, including the frequent opening, closing, and
re-registration of firms, another is untimely reporting. The present
research and analysis constitute a first attempt to investigate the
sustainability of Bulgarian bioenergy production. As a next step,
an extended analysis of bioenergy sustainability over a period of
several years is planned, including a georeferenced digital map of
Bulgarian bioenergy producers.

Introduction

The sustainable production of bioenergy (including
bioelectricity, solid, liquid and gaseous biofuels) is an im-

portant factor forr achieving reduction of greenhouse gas
(GHG) emissions. In European Union (EU), the share of
renewable energy source (RES) in energy consumption for
2024 is approximately 25.4%. About 60% of this share is of
the bioenergy [12].

Bioenergy is a renewable energy produced directly
from biomass or from biofuels derived from biomass. Unlike
other renewable energy (from the sun, wind, water) which
is inconstant and variable, the bioenergy is predictable and
easier to balance and integrate into the national industry and
households. The sources (raw materials), namely biomass,
include: trees and wood waste; energy crops and residues;
organic waste from industry, agriculture and households, as
well as biogas from manure, landfill, etc.

The sustainable production and consumption of bioen-
ergy is related to compliance with a number of requirements
and regulations, regarding the origin and treatment of bio-
mass, research of risks and benefits, the market, necessary
investments, etc.

The different aspects of bioenergy sustainability are
subject to specific standards and certifications. For example,
standard ISO 13065 [9] on bioenergy sustainability criteria
published in 2015 and revised in 2021, specifies principles,
criteria and indicators for the bioenergy supply chain to fa-
cilitate assessment of environmental, social and economic
aspects of sustainability. Other important standard in the
area is ISO 17225-1:2021 [8] determining the fuel quality
classes and specifications for solid biofuels of raw and pro-
cessed materials.

On the base of these standards, national and interna-
tional certificates are developed. The most recognized inter-
national certificates for sustainability of biomass, bioelec-
tricity, liquid and gaseous biofuels are [3]:

e ISCC (International Sustainability and Carbon
Certification) — system of certificates designed
to promote sustainability, traceability, and cli-
mate-friendly practices in supply chains for bio-
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based, and renewable sources.

* REDcert — European Union (EU) certificate con-
cerning sustainable development of biomass pro-
duction.

* SBP - EU certificate about sustainability of woody
biomass.

* RSB — worldwide certification ensuring sustaina-
bility of biofuels, biomass, biomaterials, etc.

Concerning wood pellets, there are some most com-
monly quality certification schemes [7]: European ENplus,
PFI Standards Program (of American Pellet Fuels Institute),
CANplus (Canada), the French NF system, O-Norm (Aus-
tria), DINplus (Germany), PEFC etc. For non-wood pellets
(also called agro-pellets or bio-pellets), ENplus, DINplus
and SBP certificates are applied too.

In addition to the availability of certificates, bioener-
gy sustainability assessment may also consider other envi-
ronmental, economic and social indicators as: existence of
circular production (sustainable manufacturing model that
minimizes waste by keeping resources, materials, and prod-
ucts in use through reuse, repair, refurbishment, and recy-
cling), average annual worker’s salary, company profit, so-
cial benefits, etc. All these indicators can be combined into
specific index of sustainability.

Taking into account the above prerequisites, in the
present work research and analysis of the sustainability of
Bulgarian bioenergy production is proposed. The next sec-
tion covers methodology and materials of research. In the
third section, the results of analysis are exposed and dis-
cussed. The fourth section contains conclusions.

Methodology and Materials

The methodology of research includes methods and
approaches for:

+ formulation of index of bioenergy production sus-
tainability;

 gathering data for Bulgarian firms producing bio-
energy;

» data storage and sustainability index calculation
using database (DB) of prototype information sys-
tem (IS);

* DB querying and ranking firms.

Formulation of Sustainability Index
of Bioenergy Production

There is no universal index for assessment of the bio-
energy production sustainability. As whole, in [1] a common
formula for calculation of such index (named Is) is proposed:

(1) Is= iz wiC) /n,

where i = 1,2,...,n is number of indicators; C ,C,, ..., C_are
values of indicators and w, — weight coefficient of the i-th
indicator. Moreover, w +w_+...+w =1.

The calculated values of Is can be normalized in some
interval (for example, [0, 1]) and in dimensionless units. The
number of indicators and their weight coefficient values are
dependent on specific conditions.

Obviously, the most important indicator is the avail-
ability of the abovementioned EU and international certif-
icates — ISCC, FSC, PEFC, RSB, REDcert, SBP, ENplus,
DINplus, etc. (depending on type of bioenergy). By the way,
topical Bulgarian standard for solid biofuels is BDS EN ISO
17225:2021 [2] similar to abovementioned 17225-1:2021
[8]. No Bulgarian standards for other types of bioenergy
could be identified. Furthermore, no Bulgarian certification
schemes for bioenergy sustainability have been developed.

Additionally, other environmental, economic and so-
cial indicators are essential, such as the existence of circular
production, employee wages, company profits, etc.

Data Gathering

For the current research, data about Bulgarian bioen-
ergy producing firms for a period of five years (2019-2023)
are gathered. The sources are Registry Agency of Republic
of Bulgaria [13], National Statistical Institute [10, 11] and
firm sites. It was found that there are no accurate and reliable
data for the large number of these firms. One of the reasons
is the great dynamics in this new industrial sector including
frequent opening, closing and resealing firms, and another —
the untimely reporting.

Relatively most complete are the data in 2022 used for
the current research, processing and analysis. For this year
were found 148 active firms. 98 of them produce pellets, 8
— biofuels (biogas, biodiesel and bioethanol), 37 — electrical
bioenergy, 2 — heating bioenergy and other 3 — mixed elec-
trical and heating bioenergy (Figure 1).

2 3
= Pellets

= Biofuels
37

v

Electrical bioenergy
Heating bioenergy

= Mixed electrical and
heating bioenergy

Figure 1. Number of Bulgarian firms producing different types
of bioenergy in 2022

So, given the collected data, as indicators in the sus-
tainability index are established:

+ availability of EU or international certificates;

« availability of closed cycle of production;

 firm profit;

+ average wage of employees;

+ production export availability.

14 3 202%
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Data Storage and Sustainability
Index Calculation

The collected data are entered into and organized in
linked tables in the database (DB) of the prototype web-
based information system (IS) presented in [1]. The main
table covers basic, relatively constant firm data (name, ad-
dress, production type, etc.). This table is linked to tables in-
cluding main indicator values for the surveyed years. In the
annual tables the formula calculating sustainability index is
also embedded. All tables are linked to samples of Bulgarian
and international code classifiers of:

 bioproducts and biomass — samples of combined

* EU classifier of Combined Nomenclature (CN)
of stock and products [4] and Bulgarian classifi-
er of Consumer Products by Economic Activities
(CPID) [11], harmonizes with European Classifi-
cation of Products by Activity (CPA) classifier [5];

* economic activities — sample of Bulgarian classifier
of economic activities KID-2025 [10], harmonized
with statistical classification of economic activities
(NACE) of the (EU) [6] and International Standard
Industrial Classification (ISIC) of United Nations
(UN) [14];

* measure units;

* Bulgarian settlements and their geographical co-
ordinates by Unified Classifier of Administrative-
Territorial and Territorial Units (UCATTU) [15].

DB Querying and Ranking Firms

DB queries are executed in order to rank firms by:

* values of sustainability indices;

« availability of sustainability certificates;

 availability of closed cycle of production with
waste assimilation;

* bioenergy production types;

* type of biomass, etc.

0,2
0

It should be noted that the diversity of products and
differences in technology, limit the comparison of financial
outcomes between firms. Moreover, due to incomplete data,
ranking firms by dependence of their sustainability on pro-
duction capacity and produced quantities of bioenergy is
embarrassed.

Result Analysis

As mentioned above, due to the relatively most com-
plete data, the analysis was conducted on bioenergy produc-
ing firms for year 2022. Figure 2 shows a sample of calculat-
ed indices of sustainability for 148 firms, presented by their
Unified Identity Code (UIC) identifiers [13]. Obviously, the
values of these indices for the most firms are comparatively
low (below 0.5). Besides, 25 of them have index 0. Only two
firms (producing biodiesel) have the highest index (1). Oth-
ers 5 (producing wood pellets, heating bioenergy and bioeth-
anol) have index equal and greater than 0.9. The possible
reason is that sustainability certificate for the small produc-
ers which prevail (see Figure 3) is not mandatory. According
to RED III [16], “for solid biomass fuels in installations pro-
ducing heating, electricity and cooling, the minimum thresh-
old for the applicability of sustainability criteria should be
lowered from the current 20 MW (in RED II) to 7.5 MW;
for gaseous biomass fuels this threshold is equal to or ex-
ceeding 2 MW”. Then, in 2022, 107 of Bulgarian bioenergy
producers are small ones with production capacity below the
specified threshold values and do not have any sustainability
certificates.

On Figure 3 is also seen that the half of firms do not
have closed production cycle.

On Figure 4 the average index of sustainability de-
pending on production type is given. Again, the greatest
average values of the index are for producers of liquid and
gaseous biofuels (bioethanol, biodiesel) and heating bioen-
ergy, but their number is too small (Figure I).

Firm's UIC

Figure 2. Indices of bioenergy production sustainability in 2022
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Certificate ™ Closed cycle Firm number
Figure 3. Availability of sustainability certificate
and closed cycle of production

By type of sources, it is seen that most fi rms produce
bioenergy from wood and agriculture biomass including
wood shavings, hardwood and softwood fi rewood, wood
and sunfl ower waste (Figure 5). Other sources for bioener-
gy production (about 33%) are peat, manure biogas, plant
waste, landfi 11 biogas etc.

Biogas from waste e ¢
Household waste m 2
Vegetable and animal waste s o
Ammal waste = 2
Plant waste me———1(
Biogas from sewage sludge = 1
Spent organic fat w4
Landfill biogas ® 1
Sewage sludge = 2
Blacklye = 1
Peat ® 1
Manure biogas mm 3
Manure m— g
Wood waste meesssssssss—— 75
Wood shavings se— 14
Softwood firewood 39
Hardwood firewood mee—— 16
Sunflower - g
0 10 20 30 40 50
Firm number
Figure 4. Average index of sustainability
depending on type of production

Source

Type of production
Heating bicenergy GGG 0,58
Electrical and heating bicenergy [N 0.22
Electric bicenergy [ 0.17
Bicethanol NG 0,85

Biodiese] NG (.53
0 02 0.4 0.6 0.8 1
Is

Figure 5. Number of firms by type of sources

Conclusion

The current research and analysis are a fi rst attempt for
investigation the sustainability of the Bulgarian bioenergy

production. A methodology of research is proposed includ-
ing formulation of sustainability index Is; gathering data for
firms producing bioenergy; data storage and sustainability
index calculation using prototype information system; DB
querying and ranking firms.

The analysis was conducted for the year 2022, when
the firm data are most complete. When examining firms by
production type, the highest average sustainability indices
are observed among producers of liquid and gaseous biofu-
els, as well as heating bioenergy. However, the number of
such producers remains relatively small.

Regarding sources, the majority of firms use wood and
agricultural biomass, including wood shavings, hardwood
and softwood firewood, and residues from wood processing
and sunflower production.

As whole, the results indicate insufficient sustainabili-
ty of the bioenergy production, as the most of firms have Is
values below 0.5. Moreover, 25 firms have Is values equal
to 0. Only two firms, both producing biodiesel, achieve the
maximal Is value 1. These results are due to the fact that
the prevailing number of Bulgarian bioenergy producers are
small ones and do not have sustainability certificates.

Furthermore, the sustainability of the Bulgarian bioen-
ergy production would rise by development and implemen-
tation of complete set of national standards and certificates
corresponding to the European and/or international ones.

In the process of research and analysis some difficul-
ties were encountered. One of them is the insufficient firm’s
data from the abovementioned governmental sources. More-
over, the analysis of the used classifiers indicates the neces-
sity for maintenance and improvement of unified codes and
names resolving inconsistencies between bioenergy produc-
tion datasets.

As whole, there is insufficient harmonization of stand-
ards, certificates and classifiers between the different coun-
tries and organizations in the sector.

In the next step, authors provide an extended analy-
sis of bioenergy sustainability for a period of several years
adding georeferenced digital map of Bulgarian bioenergy
producers.
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Abstract. Robotic systems represent a quiet yet significant revolu-
tion in medicine. They do not replace humans but rather complement
them, enabling more precise diagnostics, safer treatment, and faster
recovery. The future of medicine lies in the harmonious collaboration
between humans and machines, where technology serves humanity
and places the patient at the center of a smarter, more humane ap-
proach to healthcare. This study presents a comprehensive approach
to developing a surgical training system that simulates realistic inter-
actions between instruments and tissues. The findings contribute to
the advancement of minimally invasive surgical training by enabling
personalized, data-driven learning experiences. The proposed sys-
tem offers a scalable and ethical alternative to traditional training
methods, with potential applications in both academic and clinical
settings. Simulation programs successfully facilitated the transfer of
acquired skills to real-world scenarios, demonstrating the system's
potential to enhance surgical training. Built on a modular princi-
ple, the system is designed to accommodate future upgrades, both in
terms of hardware and the development of new VR- and AR-based
applications. These enhancements are aimed at improving the qual-
ity of training for medical students and supporting the professional
development of surgical staff. The system allows users to acquire
and test various skills and explore instrument capabilities before us-
ing them in actual laparoscopic procedures. Surgical training can
be significantly enhanced through modern educational methods,
such as simulation, structured curricula, and telemetering, as well
as through cutting-edge technologies such as Al and AR. As surgical
procedures continue to evolve, the methods used to train surgeons
must also evolve, embracing the highest standards of patient care
and surgical practice. Regarding information protection and access
control, the potential for implementing additional measures will be
explored. These measures would be applied at all levels of data uti-
lization to improve the secure and effective handling of laparoscopic
instruments. Investigations will also address combinations of ac-

cess-control and information-protection mechanisms within the de-
veloped mechatronic laparoscopic training system and its associated
applications, including the application discussed in this publication.
Plans also include the secure transfer of data to central servers at
educational or medical institutions or to specialized medical cloud
servers.

1. BbBenenue

PoGoTm3upanara xupyprus Tpanchopmupa CbBpeMeH-
HaTa MEAWIMHA, IpeUlaraiki 0e3npene/IeHTHA PEIU3HOCT
U BU3yanu3anys. Bernpeku ToBa smrcara Ha AUPEKTEH KOH-
TaKT MEXIy pbKaTa Ha XHpypra U ThKaHTa Ch3/1aBa CEPHUO3EH
nHpopManuoHeH nepunuT. [Ipy KOHBEHIMOHATHATA Jiarma-
POCKONUSI XUPYPI'bT PA3dnTa HA YCEIIAHETO 3a CHIPOTHBIIE-
HHE, IpeaBaHo npe3 nHerpyMmeHTa. [Ipu pobotusnpanute
cucremu (Tun Master-Slave) ToBa ycelmane 9ecTo JHIICBa
WM € 3aMEHEeHO OT Bu3yawHu noxckasku (Visual Haptics),
KOETO yIbJKaBa KprBaTa Ha 00y4eHne U MOBHIIAaBa PUCKA OT
TpaBMHpPAHE Ha ThKAHUTE OPaIH IPEKOMEPHO MPUIaraHe Ha
cHa.

OCHOBHOTO TIPEAN3BHUKATEIICTBO TIPEA ChBPEMEHHHUTE
CHMYJIATOPHU € MOJEIMPAHETO Ha HETMHEHHOTO TIOBEICHNE Ha
MEKHTE ThKaHH. 3a pa3jnKa OT TBbPIUTE TeJla, ONOTOTHYHNTE
CTPYKTYpPH TPOSIBSBAT BUCKOGJIACTHYHN CBOHCTBA, aHU30TPO-
ITHS M peJaKcanys Ha HampexxeHneto. CpiecTByBamure VR
TPEHAKOPH YECTO W3MOJI3BAT ONPOCTEHN MOJEIH (Harpumep
MIPY’KUHHU MPEXN), KOUTO HE yCIISIBAT 1a Mpech3ianar GuHu-
T€ PA3IMKU MEXKLy 3/[paBa U MTaTOJIOTHYHA THKaH.

Hactostmara paspaborka agpecupa To3u mpobieM
Ype3 ch3aBaHe Ha EKCIEPHIMEHTAIHO Bepuduimpana 6a3a
JJaHHU OT MEXaHUYHHU cBoiicTBa. LlenTa e na ce 3aTBOpU K-
KBJIBT MEXIy PEalHUTE (PU3NIHN M3MEPBAHUS U BUPTYa-
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HaTa CUMyJanus, Ch3IaBaifku miaTdopma, KoATo He IPOCTO
M3IIEXK]a PEATUCTUIHO, a CE YCEeIla PealCTUIHO.

2. MeTogosiorusi M apXUTEKTypa
Ha cucreMara

Cucremara e nMpoeKTHpaHa KaTto MOJYJIHA apXUTEKTY-
pa, cheTosIIA ce OT TpH (DYHKIIMOHAIHH CIIOSL:

e @usuyecku ciaoii (Hardware Layer). Po6oTusu-
paH MaHMITYJIATOP ChC CEH30PH 3a CHJIA U O3UIIHS.

* YnpasasBauyl cjoii (Control Layer). /Ipaiisepu 3a
CTBIIKOBU JIBUTaTCIM U MUKPOKOHTPOJIEPHO yIpa-
BJICHHUE 32 ChOMPaHE Ha JAHHH B PEATHO BpEME.

e IlorpeduTesicku W  CHMYJAlMOHEH  CJIOI
(Application Layer). I'padpuuen unrtepdeiic 3a
oneparopa u VR cpena (Unity) [1].

Pa3paboreHara cucrema 3a aHAIM3 € H3rpajieHa Ha
MOIYJICH NPUHIMII, BKIKOYBAII JIAIIapOCKOIICKHU JUAarHoCTH-
YeH MHCTPYMEHT, KOHTpoJiep M 0a3oBa eleKTpOMEeXaHHYHa
raropma. 3aIBUKBAHETO CE OCBILECTBSIBA Upe3 OUIIOISIP-
HU CTBIIKOBH ABUTATCIIM, YIIPABIABAHU OT CHCHHAIU3UPAHU
JipaiiBepy 1 MHKPEMEHTAITHN EHKO/IEPH 32 00paTHa BPb3Ka M0
TIO3UIIUS.

Kir04oB eneMeHT B apXUTEKTypara ¢ JIMHEHHUAT aKTy-
arop, KOMTO pealin3upa MOCTHIATEIHO-Bb3BPATHO JIBIKEHHUE
Ha TTh3rava Ha ardopmara. B Hero e BrpajieH TeH3oMeTpu-
YeH CWJIOB CEH30p, KOWTO OTYMTA Ha/ThKHATa ChCTaBKa Ha
CUJIaTa Ha peaklys Ha ThKAHWUTE, IPUIIOKEHA BbPXY MAHHITY-
naropa. Ta3u koH]uUryparys Mo3BoJIsIBa MPEIH3HO U3MEPBAHE
Ha CHJIOBOTO B3aHMOﬂeﬁCTBHe IIpHU KOHTAKT C Pa3jiIM4HU I0-
BbpxHOCTH. CHcTEMaTa € 3aluTeHa KaTo moje3eH Mozaen [2].

3a mpenM3HOTO W3MEpBaHE Ha CUJIMTE Ha B3aMMO-
JeficTBHE € KOHCTpyHMpaH CHernuain3upan creHa. Kunema-
TUYHaTa BEpUTa BKIIIOYBA JIMHCCH aKTyaTop, 3aJIBMKBaH OT
OUTOJISIPEH CTHIKOB eeKTpoBUraresn. M300pbT Ha CTHITKO-
BO 33/1BMkBaHe BMecTo DC cepBOMOTOPH € MPOIUKTYBaH OT
HEOOXOIMMOCTTA 3a MPEIM3HO MMO3UIHOHUpaHe 0e3 HyXa
OT CIIO’KHA 3aTBOPEHA BEPUTa 3a TIO3UIIMSI B HUCKUS [ICHOBU
KJIac, KaTo ChIIEBPEMEHHO CE OCUTYPsIBA BUCOK BBPTSIIIL MO-
MEHT IPU HUCKHU CKOPOCTH — KPUTHYHO YCIOBHUE IIPU OaBHO-
TO MPOHUKBAHE B ThKaHU.

CunoBara CEH30pHKa € peaju3upaHa upe3 TEeH30-
merpuuenust garuuk (Load Cell), MmoHTHpaH mocienosa-
TEJIHO Ha OCTa Ha MHCTpyMeHTa. To3u CeH30p M3MepBa aK-
cHajHaTa KOMITOHEHTa Ha cmiarta Ha peakuus (Fz), xogro
€ OCHOBHUAT MHAUKATOP 3a TBKAHHO CBIIPOTHUBJIICHUC IIPHU
TAJMAIs U CpA3BaHe Ha ThKaHM (MHIM3UA). CUTHATBT ce
ycunBa U 1IM(pOBU3HMPa C BUCOKA YECTOTA HA JIMCKPETH3a-
oy, 3a Ja €€ YJIOBAT JUHAMUYHHUTE ITMKOBE IIPpU HpO6I/IBaHe
Ha KarcyjaTra Ha OpraHuTe.

2.1. [IpenuMcTBa, OTPAHUYEHUS
U eTUYHH BbIIPOCH

HpeHI/IMCTBaTa Ha pO6OTI/I3I/IpaHI/IT€ CUCTCMH BKJIFHOY-
BaT BUCOKa TOYHOCT, CTaOUIHOCT ¥ MHHHMMAJIHA WHBA3UB-
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HocT. Te HamansgBaT YOBEIIKUTE T'PEIIKH U CHKpaliaBar
BB3CTAHOBUTENHHA Tepron. OCBeH ToBa MOAOOpsABAT Iu-
arHOCTHYHAaTa e(EeKTHBHOCT M TIOANIOMAaraT OOy4EeHHETO
Ha crienuaaucTd. OrpaHUYeHUsTA ca CBBP3aHU C BHCOKAaTa
IIeHa, CJI0KHATA MTOJIPHIKKA, HEOOXOIUMOCTTa OT O0y4IeHHE
U pUCKa OT TeXHUYECKH MK coTyepHH moBpeau. CrIect-
BYBAaT U €THYHHU BBIIPOCH, CBBP3aHH C OTTOBOPHOCTTA IIPH
TPELIKY, 3alIUTaTa Ha JIMYHUTE JaHHU U JJOBEPHUETO Ha Ia-
IIUEHTUTE KbM MalINHHTE.

2.2. [IporpaMHoO ocurypsiBaHe u ynpapJieHHe

VYnpasnsBamust codryep e peanmsupan B cpena Tcl/
Tk (Tcl/Tk — Tools Common Language/Tools Kit) [3]. Tozn
n300p, Makap ¥ HETPAAMIMOHEH 32 MAaCOBH HPHJIOKEHHS,
npejIara U3KIIOYUTENHA CTA0MITHOCT U JAUPEKTEH JOCTHIT
JIO XapAyepHHUTE PeCypCcH Ype3 CepreH MHTepdelic, KaKTo U
JIeCHA MHTETrpanys ¢ 6a3u JJaHHU.

Komynukanuonen mporokoJ. Cucremara H3MOJ3-
Ba KbCTHM IIPOTOKOI 32 00eM Ha maaHHH Mexny PC u koH-
TpoJiepa, MUHUMHU3HMpaiku jtateHTHocTTa (latency), koeto e
KPUTHUYHO 32 XaTHYHNUTE TPUIIOKEHHS.

ApxuTekTypa Ha 0asara aaHHH. V3noms3BaHeTo Ha
Mk4Tcl (MetaKit) [4] mo3BoisiBa ch31aBaHETO Ha BrpajicHa
(embedded) 6a3a raHHM, KOATO HE N3UCKBA BHHIIEH CHPBBD.
ToBa npaBu cucremara IMpeHOCHMA M HE3aBUCHUMa OT MPEXO-
Ba cBbp3aHocT. CTpyKTypara Ha 6a3ara JaHHH € IPOEKTHpaHa
Jla chXpaHsBa ""cypoBn" TaHHH (BPEMEBH PEIOBE Ha CHJIa/TIO-
3WIMS) ¥ METaJIaHHH 32 EKCTIEpUMEHTa (THIT ThKaH, TeMIiepa-
Typa, U3I0JI3BaH WHCTPYMEHT). YIPABJICHHETO CE OCBIIECT-
BsiBa upe3 Jlokamna omneparopcka cranmus (JIOC), uwmiito
codTyep e peann3upan Ha CKpUNTOBHs e3uK Tcl ¢ n3non3ga-
He Ha rpaduunara ounomanoreka Tk. ToBa pemenue ocurypsisa
I'bBKaB rpaduueH norpedutencku uarepdeiic (GUI) 3a ympa-
BJICHME Ha JI0 YETHPU HHCTPYMEHTA €HOBPEMEHHO.

ApxWTeKTypara Ha AaHHHTE € Oa3upaHa Ha HPUIIO-
skenuero MetaKit 3a Tel (Mk4Tcl), koeto no3BosisiBa edex-
TUBHO ChbXpaHEHHE W 00paboTKa Ha EKCHEePHUMEHTAIHUTE
pesyaratn. Cucremara HopabpKa HepapXxudHa CTPyKTypa
Ha JIOCTHII, OpraHU3UpaHa B TUPEKTOPHH 32 BCEKH 00ydaeM
(cTyneHT/Xupypr), ChABPXKAIIM JIMYHU JaHHH, PE3yJITaTh
OT EKCIIEPUMEHTH M aTeCTallMOHHH OICHKH. 3alUTEHOCTTa
Ha JIAHHUTE € TapaHTHpaHa upe3 MOTPEOUTENICKH MTPOPHIH,
KaTo ce MPeJIBIKAA Bb3MOXXHOCT 32 HHTETpaLusl ¢ 00IaqHn
CTPYKTYPH 32 JUCTAaHIIMOHEH aHaJIN3.

3. CucreMara 3a aHAJIM3 U KOHTPOJI
HA MEXAaHUYHHUTE CBONCTBA
HA OMOJIOTUYHHU ThKAHU

3.1. YerpoiicTBO HA cucTemMara

Cucremara 3a aHaJIU3 U KOHTPOJ HAa MEXaHHYHUTE
CBOifcTBa Ha OMOJIOTMYHM THKAaHW H3IIOJI3BA JIANIApOCKOII-
CKM JMarHOCTUYEH MHCTPYMEHT, KOHTPOJEp, YHpaBisBal]
IBIDKEHUATa Ha 0a30oBa eJIeKTpOMeXaHW4YHa Iiardopma u
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KyIUIUpaH KbM Hes IaCHBEH WM aKTHBEH MAaHUITYJIaTop.
Bcewuky 3a1BIDKBaHHS ca pealn3upanyl upe3 3M0I3BaHe Ha
CIICLIMANIM3UPaHH JIpaiiBepH, Hepa3IelHa YacT OT KOHTpOJIe-
pa, 3a ynpasjieHHe Ha OMIOJISIPHM CTBIIKOBH JBUTATECIH U
HMHKPEMEHTAIIHN €HKOAEPH KbM TAX. EnuH oT nBurarenure
paboTH KaTo TMHEEH aKTyaTop M peann3nupa MoCThIaTeITHO/
BB3BPATHO JABI)KCHHE Ha IUTB3rada Ha Iularopmara, B Ts-
JIOTO Ha KOHMTO € BrpaJicH CHJIOB CEH30p, OTYUTAIL HaTbXK-

Trous
Thmrefino mpesecTRMNE

-

B
W

Hara ChCTaBKa HAa CHJIAaTa Ha Peakiys HA ThKAHUTE, PUIIO-
JKeHa BbpXY MaHUITyJaTOpa, MOHTHPAH B Kpasi Ha TUTb3radJa.
[To-noxpoOHO CTPyKTYpaTa Ha MHCTPYMEHTa U CHCTeMara
ca onmicand B [5, 6, 7]. CucreMara € 3amuTeHa ¢ MoJie3eH
mozen [2]. Ts e u3rpagena Ha MOIYIICH MTPUHITUIT H TIO3BOJIS-
Ba JIECHA aJlanTanus ¥ Haarpaxkaane. Ha gue. 1 e mokazana
0JIOKOBa cXeMa Ha CHCTEMAaTa.

a  Kosmana CUCTARAIA 32 TAKTHACH Cemzop Fmr
Tomka P

Cnma :
aakmmall -~ <5 Maxpocuna - peastms Fm

®ur. 1. biiokoBa cxema Ha cucTemara

[IporpamuoTo ocurypsiBaHe Ha JlokanHara orneparop-
cka cranims (JIOC) e mpenBuaeHo 3a yIpaBieHNe Ha YeTHPH
HMHCTPYMEHTAa. BCcekn MHCTPYMEHT Ce CeJIEKTHpa OT pabOTHHS
maren Ha JIOC. Pa3zpaboreno e Ha ckpunToBusa e3uk Icl ¢
romMorra Ha rpadpuaHara 6nbmmoreka Tk [3]. JlokamHa ome-
paTopcKa CTaHLUSI MOXKE 7ja ObJe MHCTaINpaHa B HACTOJICH
KOMITIOTBD, JIANTON WM MEIUIMHCKH TabmneT. IIporpamuumsT
TaKeT OCHTYypsBa TpaHyeH MOTPEOUTENICKN MHTepdeic Ha
omreparopa. I[Ipoekrupan e xkato Windows mpuiokeHue, u3-
rrom3Bamio nporpamaa cpena Tel/Tk. Tel/Tk e mporpamua cpe-
nma B Windows, ymorpebsiBamia pecypcuTe Ha OrepariioHHaTa
CHCTEMA 3a Ch3/1aBaHE HA OTPEOUTEINICKU ITPOEKTH. T51 € ChbB-
KYITHOCT OT TPOTPaMHH OHOIHOTEKN OT (PyHKIINH, HAITUCAHU

1 mpensaputenHo kommrpann Ha C++. Tlpensikaa ce 3a
B Opnemie ma Opae pa3zpaboreHo u 3a padora mox Linux. 3a
peannsupane Ha 0a3ara oT AaHHU B JIoKanHara orneparopcka
CTaHINS € M3MO3BAHO TIPHIIOKEHHE 3a paboTra U 00pabot-
ka Ha 0a3m ot mamHm — MetaKit 3a Tcl (Mk4Tcl). Ha gue. 2.
e mokasaH pabotHuaT ekpad Ha JIOC 3a ympapieHne Ha Jia-
MTAPOCKOIICKH HHCTPYMEHTH [6]. KbM O0CHOBHHSAT mporpaMeH
MaKeT ca pa3paboTeHN U JBE MPUIIOKEHUS ChC JoOaBeHa pe-
amaocT (AR) 3a paborta mox AHIpown, KOUTO peai3upar
MyntudyHKIFoHaHA onepartopcka crannus [8]. Tosa mos-
BOJISIBA CHCTeMaTa J1a ObJie M3I0I3BaHa 3a 00ydeHHe Ha CTy-
JICHTH 1 TOBUIIABAHE HAa KBAIM(HUKAIMATA HA XUPYPTHIHUS
MIEPCOHAII B 00J1aCTTa Ha JIAapOCKOIICKaTa XUPYPIHsl.
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3.2. Pe3yjaraTru OT HaNlpaBeHH eKCIIePUMEHTH

ExcnepuMeHTanHaTa MOCTAaHOBKA BKIIIOYBA IIPOBEME-
HU cepHsl OT KOHTPOJIMPAHN EKCIIEPUMEHTH 3a ChbOMpaHe Ha
JIaHHY, HEOOXOIMMH 3a KaJHOpHpaHe Ha BUPTYaIHHS MO-
nen. M3nonsBany ca 4eTUpH rpynu o0pasim:
e CTHpONOp: Karo €TAJOH 3a JINHEEH, €IacTHYeH
MaTepHan ¢ KpexKo pa3pyllaBaHe;
e TI'yma: 3a cumynupaHe Ha IUTbTHA €JIaCTHYHA Th-
KaH C BUCOK KO€()HIIMEHT Ha Bb3CTAHOBSBAHE;
* MyckynHa ThkaH (in-vitro): mpeacraBUTEN Ha
BJIAKHECTa, aHU30TPOIIHA CTPYKTYPa;
e CpuHcku 4epeH Apo0 (in-vitro): 3mareH craH-
JapT 3a MOAENIMpaHe Ha KOPEMHHU OpraHu Imopa-
JIM CBOSITA XOMOTEHHA, HO CHIIHO JeopMHUpyemMa

CTPYKTYypa.

AHaMU3bT Ha pE3yNTaTUTe € IPeJCTaBeH B 0000IIeH
BuA (Tabn. 1) u paskpuBa BaKHH 3aBHCUMOCTHU 33 MOJIEIIH-
paHeTo:

* MmunumajiHa cuja (Mpar Ha YyBCTBHUTEIHOCT).
IIpn wepHust npod e perucrTpupaHa Hail-HHCKaTa
HavyanHa cwia Ha peakuus (0.050 N). Tosa mo-
Ka3Ba, Y€ BUPTYaJIHHUAT MOJEN TPsiOBa Ja pearupa
JIOPH TIPU MHKPOCKONHMYHHM JOMHPH, 32 JIa € pea-
JHUCTHYEH. 3a CpaBHEHHE NPH I'ymMaTa HavajHara
cwia e 15 metu mo-Bucoka (0.785 N), koero ms3-
HCKBa KOpPEHHO paznnyHa kpusa Ha force-feedback
HacTpoUKaTa.

e Jlunamuyedn oOxBar (ammiaumTyga). Myckyn-
Harta THKAaH II0Ka3Ba HaK-roIsiMa aMIUIUTY/A
(1.940 N), KoeTo MHIUKHpA POrPECUBHO BTBBP-
JIsIBaHE Ha CTPYKTypara IpH HATHCK (HETMHEHHA
€JIaCTUYHOCT). YepHUST Apod MMa CXOHA aMILIH-
tyna (1.900 N), HO pa3npeneneHa BbpXy MO-TOJIS-
MO TIpeMecTBaHe, KOETO O3HayaBa, 4e TOW € IO-
MEK, HO MO3BOJIsIBA JIBJIOOKA JedopMmanus npenu
paspylIaBaHe.

e CpaBHeHHe ¢ M3KycTBeHM MaTepuanau. CTupo-
MOPBT ITOKa3Ba ITOBEJCHUE, KOETO PSI3KO C€ OTIIH-
4yaBa OT OMOJIOTUYHUTE THKAaHU — ObP30 HapacTBa-
He Ha cujiaTa M psI3bK cHajl IpH MpoouB (IIyKaHe).
ToBa MOTBBpKIaBa Te3ara, 4e M3MOJI3BAHETO HA
MIPOCTH MaKeTH 3a 00yYeHHE Ch3/aBa IPEIIHH Ha-
BUIIM Y XUPYp3UTE.

I'paduxure Ha 3aBucUMocTTa crita/npemectBane (F-d
curves) JEMOHCTPHpAT XHCTEpe3UC MpU OHOIOTHYHHTE
TBKaHU — CHJIaTa MPH HATHCK € MO-ToJIsIMa OT CHJIata IpH
OTIIyCKaHe Topaau 3arybara Ha eHeprus. To3m edekr e pe-
THCTPUPAH yCIIEITHO OT CUcTeMaTa U TpsioBa Ja Ob/ie Moje-
mupaH Maremarndecku B TPS mnardgopmara. B mabn. 1 u
¢ue. 3 n 4 cunara e orpazena B HIOTOHH (N).
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Taou. 1. Pesyaratu oT mpoBeIeHH EKCTIEPUMEHTH

Munn- | Makcun- | Cpegna
M AMnn-
MajJHa | MajHa CTO¥i-
Tyaa
cuaa cuIa HOCT )
™) ™) ™)
O6pasen ctuporop | 0.100 1.670 0.830 1.570

Ob6pa3zer CTUPOTIOP
ryma

0.785 2.260 1.130 1.470

O6paszern MycKyiHa

0.450 2.400 1.210 1.940
ThKaH
Obpasen uepen 0.050 | 1.960 | 0930 | 1.900
Ipo0, CBUHCKH
3,000
2,500
2,000
1,500
1,000
0,500 I
0,000 — . -
ObpaseL, ObpaseL, Obpasel, O6bpasew, yepeH

cTuponop CTUPOMNOP ryma  MYCKYJ/IHa TbKaH  Ap06, CBUHCKM

B MuHumanHa cuna (N) B Makcumansa cuna (N)

CpeaHa ctoiHoct (N)  m Amnautyaa (N)

@ur. 3. CpaBHeHI/Ie MCXKAY MUHUMaJIHa, MaKCUMaJiHa U CpE€iHa
CHJia 3a pa3/IM4YHu TbKaHU

Kakro ce Bmwkma oT ¢hue. 3, Hali-BUCOKA CTOHHOCT €
HeoOXoMMa Ipy MaHUITYJIMPaHe Ha MyCKyJiHaTa ThKaH. Ot
JIpyra cTpaHa, Hail-MajKa € CTOHHOCTTa Ha cuiiata mpu o0-
pasena oT CBHHCKHS APO0.

Ha ¢ue. 4 e mokazana obrmmia rpaduka OT IPOBEICHUTE
EKCTIEPUMEHTH, C KOMTO CE J0Ka3Ba, e MPe/UIOKEHaTa TeX-
HOJIOTHS € €(PEKTHUBHA.

VORI 1645 35 el 1708 19163735 exls

@ur. 4. CpaBHEeHHE MEXKy €TAIOHHH U PE3YyJITaTh OT
excriepuMenTu. [lo-noxpo6Ha nnpopMaiys ot NpoBeICHH
EKCIIEpUMEHTH MOJKe J1a Obe HaMepeHa B [5, 6]
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4. Ilnargopma 3a XUPYypPru4ecko
o0y4eHHe KaTo 4acT OT CbBpeMeHHAa
podoTu3npaHa cucreMa

KakTo Bede crioMeHaxme B MpeIXoAHaTa TOUKa, Mpej-
JIO’KEHNTE OT HAC CHCTEMA U IPOTPAMHO OCUTYPSIBAHE Ca U3-
rpajieHd Ha MOIYJICH IPUHIIUIL, KOETO TH IIPABH MO-TbBKABU
¥ ynoOHH KakTo 3a paboTta, Taka u 3a 100aBSHE Ha TOIIBJI-
HUTEJHM BBHILIHU ycTpolcTa 3a usmepsane Ha EKT, mync
1 T.H., @ CBIIO U Ha IIPOTPAMHHU MOJYIHN 32 00ydIEHHUE C U3-
MONI3BaHe Ha M3KyCTBeH HHTENeKT (Al), mobaBeHa peaaHOCT
(AR) u Buptyamna peannoct (VR). Ipyra Bb3MOXHOCT € H
W3II0JI3BaHE U MpIUIarane Ha pa3nunyau metonn 3a STEM [9,
10] u STEMM (Hayka, TEXHOJIOTHS, NH)KEHEPUHT, MaTeMa-
THKa ¥ MeaunuHa) odydenue [11]. Upe3 cpBpeMeHHH METO-
¥ 32 00yueHHe KaTo CHUMYNAIWs, CTPYKTypHUpaHH ydeOHH
MIPOTPaMH, TEIEHACTaBHUIECTBO U aBaHTAPAHU TEXHOJIOTHH
kato Al m AR oOyueHmnero Ha XHpyp3uTe MOXe na Ob1e
MOJ00PEHO 3HAYUTETHO. Thi KaTo 00IacTTa Ha XUPYPrud-
HUTE MPOLEAypH MPOABIDKABA /1a CE Pa3BUBA, TPAOBA 1a ce
MIPOMEHSIT U METOIUTE, 110 KOUTO ce 00ydaBaT XHPyp3UTE,
BB3IIPUEMAIIKU Hali-BUCOKUTE CTaHIAPTH 3a IpuKa 3a Nau-
SHTUTE U XUPYPIHs.

W3crenBaHeTo 3amouBa ¢ aHAIN3 HA JBIDKCHHETO HA
TaKTWIEH XWPYPrHYeCKH HHCTPYMEHT, B3aMMOCHCTBAII
C ThKaHHUTe. M3momn3Ba ce IMpeKTHA KMHEMATHKa, 3a Jia ce
JlaJie Bb3MOKHOCT 3a IMCTAHIIMOHHO YIPaBICHUE Ha XUPYP-
THYECKHATE POOOTH OT BOJCIIUS XUPYPT. 3a J1a ce momoopu
TOYHOCTTA Ha YIIPaBJIEHHE, B KOHTPOIHHUTE 3BEHA CE BHBEXK-
JlaT CHUCTEMaTHYHU IO3MIMOHHM Tpelku. Pa3paborena e
CHMYJIAI[IOHHA IIPOrpama, KOATO OMPEeNsl ONepaTHBHOTO
pabOTHO MPOCTPAHCTBO U MOTCHIIMATHNATE JEHCTBHS HA UH-
CTPYMEHTHTE. J/IBIKEHHETO B TOBA MPOCTPAHCTBO CE KOH-
TPOJIMpa OT YETUPH ABUTATETISI, CBBP3aHH C TPAHCMHUCHOHHU
MEXaHN3MH. AHAJIUTUYHU MOJIENN Ha TE3U MEXaHU3MH Ce
M3I0I3BAT 32 ONTHMHU3HPAHE HA MPOU3BOANUTEIHOCTTA MPU
ornpezneneHn orpanndeHus. OCBEH TOBa € Ch3AajieHa Ipo-
rpama 3a cumynanusa Ha oOyuenue (TPS), xosro moxenmpa
peaknuuTe Ha YepHUs Ipo0 1Mo BpeMe Ha B3aUMOJCHCTBHS
MEXIy WHCTPYMEHT M ThKaH. Ta3u mporpama BU3YallU3H-
pa 3D moBeneHHETO Ha OpPTaHUTE, M3MON3BAWKH (PH3UIHU
CBOMCTBA Ha MaTepHalUTe W CUMYIUpPA COTBCHLIU MEXIY
TBhpan Tena. Unity Game Engine [1] ce m3mon3Ba 3a rene-
pHUpaHe Ha aHUMAalWH, CbBMECTHMH KaKTO ChC CTAHAAPTHH,
Taka 1 ¢ VR/AR cpemu.

Ha 6a3ara Ha HampaBeHM M3CIEIBAHUS U IBITOTOIN-
IIEH ONHT € pa3paboTeHa TPEHHUPOBBUHA IIPOrpama 3a CH-
mynupase (TPS), kpaero Moxe ga ce BUIM TPUU3MEPHHUAT
pa3LIMpeH MOJeN Ha PEeakysl 110 BpeMe Ha CHMYIalus Ha
B3aMMOJIEiCTBIE HAa TAKTUIHN WHCTPYMEHTU B XUPYpruye-
CKOTO OOy4eHHe BBB BPB3Ka C IUIIOTO 00y4YeHHE Ha CTY/IEH-
TUTE W TOBWIIABAHE HAa KBAIM(UKANMATA HA XUPYyprade-
CKHsI TIEPCOHAN 3a pabdoTa C JIamapOCKOICKH HHCTPYMEHTH.
TPS e HancTpoiika Ha pa3padoTeHa MexaTpOHHA CHCTEMa 3a
JarmapocKoIcka XUpyprus [5, 6] 3a o0ydeHne Ha CTyIeHTH U
MTOBUINIABAaHE HA KBAM(HUKALMATA B XUPYPIUATA.

Ha ¢hue. 5 e moka3aH KoHIIETITyaIeH MOZET Ha TPEHH-
POBBYHA CHCTEMA 32 JIAITAPOCKOIICKA XUPYPTHSL.

A

Xapoyep
TNanapockoncku UHCTPY- AR npunoxexue
MEHT 3a IMarHocTMKa
@ AV
Cog¢Tyep
WauucnurtenHo
aapo
S =N E

OueHnBaHe
v 6a3a faHHK

O6yunTenHa cpepa

®ur. 5. KoMmoHeHTH Ha cucTeMara

CrpaHgapTHaTa cucTeMa 3a O0ydYeHHE TI0 JIAmapoCKo-
HsI BKJIIOYBA:

* JlamapoCKOICKU HHCTPYMEHT 3a JUAarHOCTHKA.

* AR mpunoxeHne (o4mia WIA BHICO MOHHTOP) —
HacllarBa KOHTYPH Ha OpTaH, KapTa Ha TBBPIOCT/
eIACTUYHOCT, BEKTOPH Ha cwia/medopmanus, 6e3-
OIACHU 30HU.

* MzuncaurenHo sinpo — GuiaTpupa curHana B pea-
HO BpeMe, MapaMeTpoBa OICHKAa Ha MOJEN Ha Th-
KaH ¥ mmofaBa nHpopMarmsTa KbM AR cros.

* OOyuuTenHa cpena — CHMYJIaTop Ha OpTaHH C pery-
JUpyeMH MEXaHWYHH CBOMCTBO uiau 3D Monenu u
CIICHApHH Ha 0Oy4YcHHE.

* OuensBane 1 60a3za OT JaHHH — 0a3a OT JaHHH C Ha-
MIPaBEHU EKCIICPUMCHTH H METOIUKA 32 OIICHSIBAHE
Ha pe3ynTaTuTe u paborara Ha 00yJacMHTe

Ha 6a3ara Ha rokazaHus Ha ¢ue. 5 KOHIENTyaneH Mo-
JIeT € pa3paboTeHa MpeyiokeHaTa OT Hac CHCTeMa 3a 00y-
yenue TPS.

PazpaboTena e mporpama 3a CUMyJalys Ha oOydeHue
(TSP), B xosiTo pasmmpen 3D Mozmen Ha peakiusTa Ha 4O-
BEIIIKM OpraH IpH yiap ¢ BbHIIHK 00ekTH. [loBeneHnero Ha
MojIeNa € MPEAICTaBeHO Ype3 COMBCHK Ha J1Ba TBHPIU 00CK-
Ta ¢ pa3udHu PU3HMUECKH XapaKTepUCTHKN. PHu3ndecknTe
CBOMCTBAa Ha TBBPAUTE Tea Ca TPAHCIOHUPAHU KbM CBOM-
CTBa Ha (PM3UUYCCKHS MaTephall, KOUTO MO3BOJISBAT TTOBEIC-
Hueto Ha obekra B TSP. 3a TSP ce m3nmomssa Unity Game
Engine, npenHa3naueH 3a pa3paboTBaHe Ha rpadMuHH aHH-
Manuy 3a KoHBeHInoHanHu uin VR/AR u3kycTBeHH mpen-
CTaBSHUSL.

Ha ghue. 7 e mokxazana CHUMKa Ha JIAITapOCKOTICKHUS MH-
CTPYMEHT, BKIIIOUYCH B cuctemara (¢ue. 6). IHCTpyMEHTHT e
pa3paboTeH KaTo 4acT OT onucaHara B Touka 3 Cucrema 3a
aHaJIM3 ¥ KOHTPOJI HA MEXaHUYHUTE CBOICTBA Ha OMOIOTHY-
HU THKaHH [2].

Ha ¢ue. § e mokazana 6a3ara ot nanuu Ha AR mpmito-
XKeHuero, 6asupana Ha SQL.
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My SQL 6asa ot
JanHA

@ur. 6. 3D nobaBeH Moyiel 110 BpeMe Ha CUMYJIaIys Ha
B3aMMOZEHCTBHS C TAKTHIIHA HHCTPYMEHTH B XHPYPIUYHOTO
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@ur. 7. JlanapocKONCKHU UHCTPYMEHT

oOy4eHue
Instruments * Gul
7 )
senrorce [———
MicroSteps TimeStamp
MicraSteplength UpdateRate
IsCallibrated
: T ARICTProAvi pp_|
v;s"umem roperties ARICTProAvicenaeApp § ARICTRrovicenssipplD
=]
¥ o ¥ ARICTProAvicenasAppindex
[remm—
UpdateRate =
= G ElementPostion ControlModule_OutputQuali
p Faaeteryahis 9 ConvolModuleiD
rteger
§ ConoMoauesgnainame
[Double]
§ ContoModueComminstanceld
Date
” ® ConuclModulelnd
ControlModule_InputQuality St
OutputQualty
: : [I——
ARICTProAvicenaeApp_PointOfinterest | ComoRios
- § ConaMoauesgnainame
W § ConmoModusComminstancela
InstrumentProperties DataType e % ConuolModuleindex
§ InstumentPropetiesiD P
§ InstumentPropertesinder
DataType c dul [ . SignalQualit
¥ o [R—

@ SignaiNzme ControlhodulsSignaiName

a2 =

@ Comminsncsld ControlModulsindex

SignaiQuaity

Parameterame

=

Parameterfalue ControlModuleComminstanceld

SignalValue

AutaamticContral
SignalValus?

SignaMimestamp

Inputvaive
ControlModule InterfaceType
[

Outputiisiue

=

TimeStamp.
ControlModulsSignaiName
Discriminztor

?
§ ControlModuleComminstanceld
?

ConrolModuleindex

®ur. 8. SQL 6a3a oT 1aHHU

Ha ¢ue. 6 e mokazana u peakiusara Ha 3D mobaBeH
MOJIEJ [0 BpEeMe Ha CUMYJIUpaHe Ha B3aUMOJICUCTBHUS C TaK-
TUJIHU HHCTPYMEHTH B XUPYPIUYHOTO O0yUYCHHE.

ExcriepuMeHTalHN JaHHU, BKIIOYBAINK Pa3IUIHU
JIAITAPOCKOIICKU BhPXOBE HA MHCTPYMEHTA U OMOJOTHYHH
ThKaHHU, ce chxpaHsBaT B SQL 0aza maman. J[ocTBIBT A0
TE3W JaHHU MOXe J1a Ob/Ie OCHIIECTBEH Upe3 JIOKAIHH pa-
00THU CTaHIMU. ba3ute OT JaHHU ca CTPYKTYPHPAHU KaTO
CHBKYIHOCT OT JUPEKTOPHH IO €IHA 3a BCEKU CTYICHT
(xupypr), KaTo BCsAKa TUPEKTOPHUS HOCH CBOW HICHTHU(U-

KaIlMOHEH HOMep (3a CTYACHTHTE TOBa MOXe Jaa ¢ (akyi-
TEeTeH HOMED).
Bcesika eHa OT AMPEKTOPUUTE € CHBKYITHOCT OT IOA-
JIMPEKTOPHH, KAKTO CIIE/BA:
e JlmuHM JaHHW 3a CTYACHTa/XHpypra (TpHU MMEHa,
El'H u T.H). 1o Ta3u mMOAOUPEKTOPHS UMAT TOCTHIT
camo 00yJaeMHAT U TIPETIOaBaTeIsT;
* Ilopoupexropuss ¢ WHGOpPMANMS 3a IPOBEIACHU
EKCTIEPUMEHTH M PE3YATaTH OT TSIX B TEKCTOBA U
rpadudHa popma;
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» OreHKka Ha IOCTUTHATUTE PE3YNTaTH U aTeCTalnsg
Ha CTy/ICHTa /XUpypTa.

Jpyra nudopmanns, U3UCKBaHA OT CHOTBETHHS YHHU-
BEPCHUTET WM JICYeOHOTO 3aBEJCHHE: 110 PEIIeHNe, B3ETO OT
CHOTBETHOTO y4eOHO 3aBeJJeHHE/KINHIKA, TIOATHPEKTOPHH-
TE C PE3yATaTH OT EKCIICPUMEHTH MOTaT Aa ObJaT JOCTBII-
HU 32 BCHYKH, TaKa 4e ja UMa Bb3MOXKHOCT 32 CPAaBHEHUS U
PELICHHUS 32 JOI'BJIHUTEIHN CUMYJIAlUH, HHCTHTYLIMOHATIHI
CHpPBBPH WK oOmaunu miardopmu. [lotpedurennure Mmorat
CBILO J]a ChbXPaHABAT CBOUTE CHUMYJIALMOHHH JaHHU Ha MO-
OWJIHH YCTPOMCTBA HIIN MMPOLECOPHH KAPTH.

[Ipennoxxenara cucremMa UMa CICAHUTE NPEAUMCTBA!
BHCOKA TOYHOCT ¥ BB3IPOU3BOIMMOCT, BE3MOXKHOCT 3a pa-
0oTa ¢ pa3IMYHK BUJOBE THKAHU M YCIOBUS, H3IIOI3BaHE Ha
Jo0aBeHa pealHOCT ¥ MOJYJIHA apXHUTEKTypa, O3BOJISBALIA
HaJrpaxaaHe.

Ha ¢ue. 9 e mokasan xaxsp Ha AR BHIE0 MOTOKA.

Cucremara (¢ur. 6) e naarpagena ¢ GUI 6mok, 6a3u-
pan Ha AR/VR. Tyk ca BKiIro9eHN 06a3u JaHHU C €KCTIEPTHU
3HaHUs, 0a3a JaHHU ChC 3HAHUA C (aKTH, IPaBHUIA U OTpa-
HUYCHUS, TBJIO0KA HEBPOHHA Mpeka 3a MpeaBapuUTeIHa 00-
paboTka Ha BUJEO U THJIKyBaHE.

[Iporpamara Moxe na ObJie MHCTaINpPaHa Ha HHTEIH-
TeHTHH YCTPOWCTBA KaTO CMapT(OHHM WM HHTEIUTCHTHU
ourmia ¢ OS Android > 7  na M3n0I3Ba BrpajieHN CEH30PH
Ha MUKpoenekTpomexannyHara cucrema (MEMS) — akce-
JIEPOMETHP, KUPOCKOTI, KaMepa, TBbpoTeseH kommac, GPS
U IPYTH, 32 J1a OLCHSABA O0CKTH ¥ MO3ULIUH, Pa3IIOI0KEHH B
OKOJIHHS CBST.

Scissors|Biopsy|Forceps Gra perdi Intesti
ntestine

Probing Force [N] - 0.5
Suture Force [N]- 1.27
Tissue Density,[kg/m3] - 23.2

city - 26.5

®ur. 9. KagspbT Ha AR BHjIeo noToka

Buzyannust unrepgeiic (¢ue. 9) cpappixka camo oc-
HOBHA MH(pOpMaNys, 3a 12 MOXE XHPYPI'bT Jla c€ KOHIICH-
TpHpa BEPXY MEIUIIMHCKATA 33/1a4a.

N360psT Ha Unity He e cirygaeH. Berpekn 4e e reiim
SHJDKUH, HeroBara ¢gusnyna nogcucteMa (PhysX) mossoss-
Ba OBbP30 MHTETpHUpPAHE HA TAPAMETPUTE, OTyUSHHU OT HAIU-
Te excriepuMenTH. B pazpaborenara TPS (Training Program
Simulation) mrardopma nanHUTE OT Mabda. I HE ca MPOCTO
CTAaTHCTHYECKH 3aIINC, a CITy’KaT KaTo BXOJHHU IapaMeTpH 3a
rxoH¢urypupane Ha Collider obekrure n RigidBody xom-
TIOHEHTHUTE. 3a J]a ce MOCTUTHE PEaln3bM B pEaslHO BpeMe
(30+ fps), ce n3MOI3BA ONTUMHU3HPAH AITOPUTHM 3a JICTEK-
s Ha koau3uu. Bmecto nmeiaHonened FEM (Finite Element
Method) ananu3, KOHTO € TBBpAE TEXKBK 3a CTaHAAPTCH
KOMIIIOTHP, HUE MIpUiIarame XuopuaeH noaxon. Busyannara

nedopManus ce ynpasisBa 4pe3 LISHIbpH W NpOMsHA HA
BBbpxoBere Ha 3D mpexara (Mesh manipulation). CumoBara
peaKIys ce N3YUCIIsABA 10 ONIPOCTEH 3aKOH, Oa3upaH Ha eKc-
nepuMenTanauTe Kpusn: F = k(x) * x + ¢ * X, kpzeTo xopa-
BHHATa k(X) HE € KOHCTaHTa, a PyHKIMA Ha ABIOOYMHATA Ha
NPOHMKBAHE, N3BJICYEHa OT JaHHUTE 3a YEPHHS IPO0.

Pa3zpaborenoro mMoOmmHo mnpmioxenue 3a Android
JOTTBIIBA 00yunTenHus mporec. Upe3s AR mapkepu, pasmo-
JIOKEHH BBPXY MakeTa, 00y4aeMHUsT BIJKZA IIpe3 eKpaHa Ha
TabneTa/ounnaTa BbTpEIIHATA CTPYKTypa Ha opraHa (KpbBO-
HOCHH CHJI0OBE, TYMOPHHU 00pa3yBaHMs ), KOUTO ca HEBUIUMHU
¢ mpocto oko. ToBa TpeHMpa YMEHHETO 3a IPOCTPAHCTBCHA
OpHEHTALNS U IUIAHWPAHE Ha OllepanusTa.

5. 3akaouenue

PoOoTu3upannTe CUCTEMU MPEICTABISIBAT CHA THUXA,
HO 3HaYMMa PEBOJIONUS B MEIUIMHATA. Te HEe H3MEecTBaT
YOBEKa, a IO JOIBJIBAT — OCUTYPSBAMKHU MO-Mpel3Ha Ju-
arHOCTHKA, MM0-0e30MacHo JICUCHUE M MO-0bp30 BH3CTaHO-
BsiBaHe. bbaenieTo Ha MenuuuHaTa ce Onpeesis OT XapMo-
HUYHOTO CHTPYIHUUECTBO MEX]y YOBEKA M MalllMHAaTa, Ipu
KOETO TEXHOJIOTMUTE CIy>KaT Ha YOBEKA M OCTABST Mal[UeH-
Ta B IICHThPA HA C/IWH MO-UHTEJIUTCHTCH U XyMaHCH JIeYeOCH
mpotec.

ToBa mpoyuBaHe MpelnCcTaBs LSJIOCTEH MOAXOJ KbM
pa3paboTBaHETO HAa CHUCTEMa 3a XUPYPTUYHO OOydCHHE,
KOSITO CUMYJIHMpa PEATMCTUYHH B3aUMOJACUCTBUS MEXKIY
HHCTPYMEHTH M ThKaHu. KoHCTarauuurte AONMpHUHACAT 3a
Pa3BUTHETO HA MHHAMAJIHO HHBA3UBHOTO XHPYPTUYHO 00Y-
YCHHE, KaTo IMO3BOJISIBAT IEPCOHANM3UPAHU, Oa3MpaHu Ha
JAHHU OOYYHTEIIHU MpeKuBsiBaHus. [Ipemnoxenara cucre-
Ma Tpejyiara MaladupyemMa i eTUYHA aJITepHATHBA HA Tpa-
JTUIIMOHHATE METOAM Ha OOYYCHHE C MOTCHIMATHH MPUIIO-
JKEHHSI KaKTO B aKaJIeMUYHH, TaKa U B KIMHUYHU YCIIOBHSL.
CuUMYITalMOHHUTE MPOTPaAMH IPEXBbPIINXA €PEKTUBHO ITPH-
JNOOUTHTE YMCHHS B PCATHH CICHAPHUH, ICMOHCTPHPANKU
MOTCHIIMAJIA Ha CHCTEMAara 3a OJI00psIBaHe Ha XUPYPrHIHO-
T0 oOy4eHue. Thif KaTO cHCTEMaTa € M3rpaJicHa Ha MOIYJICH
MIPUHITAT, 32 B OBJICIIC 1e ObJc aKTyaIn3upaHa JOMbIHU-
TEJHO KaKTO KaTo XapIyep, Taka U OTKBM pa3paboTBaHE Ha
HOBH IIPHJIOKEHUs, Oasupanu Ha VR u AR, ¢ nier mogo0psi-
BaHE Ha Ka4YeCTBOTO Ha MOJrOTOBKATa Ha CTYIECHTH MEAUIIU
1 1oo0psiBaHe Ha KBaJdH(PUKAUATA HA XUPYPTHUHUS TIep-
COHaJI, KOCTO IMO3BOJIsIBA JIa OBJAT MPUIOOUTH U TECTBAaHU
pa3IUYHUA YMEHHS U BB3MOXKHOCTH Ha MHCTPYMEHTHUTE Tpe-
JIU TIPUJIaraHeTo UM B peaiHu JIAmapOCKOIICKHU ONEPALIUU.

Upe3 CHBPEMEHHU METOAM 3a O0OyYCHHE KaTo CHMY-
JIAIWs, CTPYKTYPHUPAHUA YYCOHH MPOTpaMU, TCICHACTABHH-
YEeCTBO W aBaHrapJHu TexHooruu karo Al u AR oOyuenue-
TO Ha XUPYpP3UTE MOXKE Na ObJie MOMOOPEHO 3HAYUTEITHO.
Twit kaTo 00ACTTa HA XUPYPTUYHUTE MPOICTYPH MPOIBII-
JKaBa Jia ce pa3BUBa, TPIOBA Ja CC TIPOMCHST U METOIIUTE, 110
KOHTO ce¢ 00y4aBaT XUPYP3UTE, BE3MPUCMAaKN Hali-BUCOKHU-
T€ CTAaHAAPTH 3a IPHKa 33 MAUEHTUTE U XUPYPIHUSL.

B oGnacrra Ha 3ammraTa Ha UHQOPMAIUITA U CPEJI-
CTBaTa 3a KOHTPOJ Ha JOCTHIA e ObJAT MPOYyYCHH Bh3-
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MOXKHOCTUTE 32 M3IIOJI3BaHE W Ha JPYT'H CPEACTBA, KOHTO
Ja ObIaT NPHIOKEHH Ha BCUUKM HHMBA Ha ITOJI3BAEMOCT HA
HaTpyInaHata HHQOPMAIHs, KOATo 1a O0bae e(heKTHBHO U3-
IOJI3BaHA 3a NOO0psiBaHe Ha padoTara ¢ JIanapOCKOIICKUTE
uHcTpyMeHTH. e Obaar mpoy4eHH Bb3MOXKHOCTUTE M HA
KOMOHMHALIMH OT CPEJCTBA 32 KOHTPOJ Ha JOCTbIIA U 3aIlUTa
Ha HHPOpMaIATa B pazpaboTeHara MexaTpoHHa y4ueOHa J1a-
MIAPOCKOIICKA CHCTEMa M Pa3pabOTeHUTE KbM Hesl IPHIIOKe-
HUA KaTo pa3rIeflaHoTo B Ta3y myonukarys. [Ipensikna ce
3aIUTEHO NPEXBBPIISHE Ha HHPOPMALUATA U KbM LIEHTpa-
HHU CHPBBPH (Ha y4eOHOTO WM MEAWIIMHCKOTO 3aBEICHHE)
WM KbM CIICIUATM3UPAHN 00JIaYHU MEULIHCKH ChPBBPU.
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VeloxWallet — qururasen noprgenJi
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Abstract. This paper presents VeloxWallet — a digital identity wallet
developed by Veloxoft Ltd. to operate in full compliance with the
European Blockchain Services Infrastructure (EBSI). It outlines
the European Blockchain Partnership’s (EBP) vision for utilizing
Distributed Ledger Technology (DLT), as well as the application of
the eIDAS 2.0 model and EBSI for individual and organizational
accreditation. The paper examines the wallet’s architecture, com-
ponents, and core functionalities. VeloxWallet enables the creation,
storage, and presentation of Verifiable Credentials (VCs) in accor-
dance with the eIDAS 2.0 framework and supports integration with
Qualified Trust Service Providers (QTSPs). The empirical results
obtained through the development and application of VeloxWallet
in Bulgarian and European projects are also discussed, including
TraceFarm, OnePass (Horizon Europe. Digital Identity for SMEs
and Access to Finance), and Digital Europe Node Expansion (In-
tegration of TAO and Node services for public administrations).
The potential strategic advantages of using the wallet are outlined,
together with the security and compliance aspects of operating
within eIDAS 2.0 and EBSI environments.

1. BLBenenue

Pasnpenenenara miaBHa KHMI'a WM PasIpeeieHUTE
peructpu (Distributed Ledger Technology, DLT, 6nokueiin)
€ YTBbpJK/aBalla ce TeXHOJIOrnuHa uHppacTpykrypa. Cb-
OTBETHHUTE Il MPOTOKOJM pa3peraBaTr JOCTbII, BaJHIUpaHe
U OOHOBsBaHE Ha 3allUCH B paslpelielieHa MpekoBa 0aza
JaHHU. TS M¥Ma MHOTO TOJISIM MOTEHLMAJ 3a MPEIOCTaBsIHE
Ha WH(]pacTPyKTypa 3a HaAEKIHH ACLUCHTPAIN3UPAHH U

6e3 mocpenuum ycuyru [14]. OcBeH uHIyCTpHsITa Ha (HU-
HancoBute TexHonormu (FinTech), DLT Beue ce mpwmiara
IIMPOKO M MMa MOTEHIHall Aa TpaHc(opMHupa MHOTO JIpy-
M UHAyCTpuH. TexHomorusaTa ce cunuTa 3a 0a30Ba U MOXKe
Jla ce CPaBHU C BB3XO/la HA MHTEPHET B Ha4anoTo Ha 90-te
roguHU. Ts MOXe /1a JoBese 0 royisiMa MHCTHTYIIHOHAIHA
MHOBANMs, KaTo MPOMEHS Ha4dMHA, 10 KOWTO M3BBPIIBaME
TPaH3aKIMH, ChXPAaHIBAME M UMaMe JIOCTBII 10 MH(pOpMa-
LUSL U CIIOZACISIME TaHHH.

EBpora mHBeCTHpa MHOTO aKTHBHO B Ch3JJaBaHETO HA
DLT undpactpykrypa 3a mu(ppoBa HIASHTHYHOCT U JOBE-
PEHH YCIIyTH, KOSATO J1a MOAKpEns paboTaTa Ha MyOINYHU U
YacTHM ceKTopH. EBpomelickara OMoK4YeiH HHPpaCTPyKTy-
pa 3a ycrmyru (European Blockchain Services Infrastructure,
EBSI), 6eme craprupana mpe3 2018 1., koraro 29 gppxaBu
qrenkn Ha EC, Hopeerus n Jluxrenmaiin nu EBponeiickara
KOMHCHSI 00eIMHNAXa YCHIIHS, 32 J1a Ch3/1aaT €BPOIEHCKO-
To OnmoxueitH mapTapopcTBO (EBP) [1]. Bususra ma EBP e
na mnonsea DLT, 3a nma cb3gazne TpaHCTpAaHWYHU YCIyTH
3a mMyOiWYHATa aJAMUHHACTpanus, OM3Heca, TPaXIaHUTE U
TEXHHUTE EKOCHUCTEMH, 3a J]a IPOBEpsABa HHPOpMAUATA U Ja
Harpasu Hagex Hu udposure yciyru B EC.

EBSI mpoxsmkaBa a ce pa3BuBa — Oemre ch3aaacHa
noBa mpaBHa emuanna EUROPEUM-EDIC (European
Digital Infrastructure Consortium) xKaTo HOB MEXTyHAITHO-
HaJICH MOJIEN Ha YIIPaBJICHHUE, KOMTO ce ynpaBisiBa OT KOH-
COpUMYM Ha IBPXKaBH WICHKH 4pe3 cBoATa acamOies Ha
yreHoBeTe i1. EDICEUROPEUM-EDIC moema ympaBieH-
CKHUTE 3a/1a4¥, KOMTO TPEeIy TOBa ce M3MbiHsABaxa or EBP.
(https://ec.europa.eu/digital-building-blocks/sites/display/
EBSI/EUROPEUM-EDIC) — ¢ghue. 1.[10, 11].
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Eump cum Adwaony Board

l

Web3 micaxch and ao wiem

®@ur. 1. Ynpasnerncka crpykrypa 3a EDIC [10]

Cera EBSI e 0bp30 pactsiia nuppoBa eKOCHCTEMA,
KOSITO BKJIFOUBA HaJ 350 myOJMYHM M 4aCTHU OpraHu3aliu
ot Hax 30 1bpxKaBH.

ABropure padotsT aktuBHO B peauna EBSI npoekru.
Te ca BUCOKOTEXHOJOI'MYHU M MHOBATHBHU M MMAT 3a Ll
Jla YCKOPSIT HAJICHK/ICH U CUT'YPEH JIOCTBII 10 YCIYTHTE Ype3
EBSL

Lesara Ha cratusta ¢ na ce npeacrasu VeloxWallet
— IUTUTAJCH NOPTQEeii 3a eleKTpOHHA UaAeHTHYHOCT. Toii
103BOJISIBA Ch3/IaBaHE, ChbXPaHEHHUE U NPENICTAaBsSHE Ha MPO-
BepumMu yrocroeperus (VC) cprmacHo pamkara eIDAS 2.0
1 [OJIbPIKa MHTErpalus ¢ KBAIU(UIIMPAHHU JOCTABYUIIM HA
yaoctoBeputennu yciayru (QTSP). Juckytupar ce u emnu-
pUYHH pe3yaTaTh OT pa3padoTKara.

2. EBSI: 001ma TpancrpaHu4Ha paMka
B EBpona

EBpomneiickara OnoxueitH nHppacTpyKTypa 3a o0mect-
Benu yciryru (EBSI) npenocrast curypHa n ienieHTpains3m-
paHa cpeja 3a TpaHCTPaHWYHH €JIEKTPOHHU yciIyru B EBpo-
nieiickns cpro3. OCHOBHATA M IIETI € Ja JaJie Bb3MOXKHOCT 32
CaMOCTOSITEJIHO yTpasisiBaHa HaeHTHIHOCT (Self-Sovereign
Identity, SSI) upes cranmapru DID u Verifiable Credentials.

EUROPEUM-EDIC npennara pelieHue Ha HysKaara
ot o01ma TpaHcrpaHu4YHa paMka B EBpomna n pasmmpsiBaHe-
TO ¥ BHeIpsiBaHeTO Ha Mpexkara EBSI n Heltnure ciaydan
Ha ynoTtpe0a ¢ akIeHT BbpXy I0Z00psiBaHe HA IyOInYHUTE
yciyru 3a rpaxaannTe 1 opranzanunte Ha EC. Cpiio taka
EUROPEUM-EDIC me noakpenu TpaHCIPAaHUYHOTO Cb-
TPYAHNYECTBO Mex 1y myonnanauTe oprauy [1]. UROPEUM-
EDIC e B npouec Ha noemane Ha ynpasienueto Ha EBSI u
IIOATOTOBKA 32 ITyCKAaHETO MY B PEAITHO ITPOU3BOJICTBO.

2.1. Web3 u nenenrpajn3upanure
TEXHOJIOTHH

Web3 BritouBa ciieIHUTE TPH OCHOBHU TEXHOJIOTHH:

e IludgpoBu noprdeiism, KOUTO c€ M3NOIA3BAT OT
CTApPTUPAIIUTE KOMIIAHWM M WHBECTHUTOPHUTE 3a
MOJTy4aBaHe, CbXpPAaHEHNE M M3IpAIlaHe Ha yIoC-
TOBEPEHMU.

e IIpoBepumnu ynoctoBepenus (VC), xouto ce us-
JlaBaT OT OTOPU3UPAHU MHCTUTYLIUH U CE 3aIHCBaT
B peructpu. Te mpuiarar cTaHIapTHA METOAM 3a
(dhopmarupane, peacTaBsiHe U OOMEH Ha TaHHU 3a
YIAOCTOBEPEHHE 0 HAYXH, yIOoOeH 3a MaIllnHHa 00-
paboTKa, KaTo Ch3aBaT JOBEPEH MHAEKC 3a OL[CHKA
Ha CTapTHPAIIN KOMITAaHHH.

e bJiokueiiH Mpe:Ka, KOSITO J1a IPEA0CTaBs U3KIIO-
YUTEIHO CHUT'YPEH, YCTOWYHMB U ACLEHTPAIH3H-
paH Ha4YMH 3a MPOBEPKa M Pa3lpPOCTpPaHCHHE Ha
nHpOPMaLUATA 38 YIOCTOBEPEHUS, TIPEIICTABCHN
KaKTO OT CTapTHpAIlX KOMIIAHWH, TaKa U OT MH-
BECTUTOPH.

EBporneiickusaT Mozen Ha JOBEpUE Ch3aBa ISLIOCTHA
U B3aMMOCBBP3aHa LU(POBA apXUTEKTypa Ha JJOBEPHUETO.
Perynammsara eIDAS2 ompenenst mpaBHaTa W 4pe3 3aIbI-
JKUTEJIHU M3ITBIIHUTEITHE aKTOBE 1€ (DAaKTO BCHYKH KOMIIO-
HEHTH, KaKTO W TEXHWYECKaTa paMKa 3a HaJexk[Ha ICLCH-
Tpanu3upana mudposa ekocucrema B EBpoma. MozpensT ¢
TEXHOJIOTUYHO HEYTPAJCH W IO3BOJISABA HM3IIOJI3BAHETO Ha
DLT 3a Bceknm KOMIOHEHT OT EBporeiickust moptdeitn 3a
mudposa uneatTnaHocT EUDIW (European Digital Identity
Wallet) n ycnmyrute Ha BCHYKH TOCTaBYHIIM Ha YCIIyTa KaTo
KBaTM(HUIUPaH JOCTABUMK Ha moBeputenHu ycmyra QTSP
(Qualified Trust Service Provider).
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MopnensT npunara npuanunu Ha eIDAS 2.0 u EBSI
1 IPOABIDKaBa KOOPAHMHUPAHUTE YCHIIHSA 32 XapMOHHU3UPaHE
Ha TeXHUYECKOTO, IPABHOTO M OPTraHU3aLIOHHOTO JOBEPHE
Mex Iy JbpxkaBuTe wieHkn Ha EC. ApxuTekTypara BKIFOYBa
YeTHPH CIICHUATIM3UPAHU PETHCThPa:
e Perucrbp Ha 1oBepennTe opranusanuu (Trusted
Entity Registry, TER).
e Perucrbp Ha noBepenute akpegutanuu (Trusted
Accreditation Registry, TAR).
* Peructbp Ha noBepennTte cxemu (Trusted Schema
Registry, TSR) u
° PerncTbp Ha YHMKAJIHM WIEHTH(PUKATOPU
(Decentralized IDentifiers, Registry, DID).

Bcekn oT Te3u perncTpu M3IBIHABA Pa3inyYHA, B3a-
HMMO3aBHCHMA POJIS B OCHT'YPSIBAHETO HA B3aUMOICHCTBHH,
KaTo Ce OCHOBAaBa Ha JIOBEPHE, MKy yYaCTBAIIUTE B IIPO-
necute. I[lpy u3nmon3BaHe Ha Mozesla OCBEH 3a WHIMBUY-
aJlHa aKpeAWTALMs U 3a IPYIOBa CE Ch3JaBa HOB PETUCTHP
— PETUCTBpP Ha JOBEPEHUTE eIUHHIN 3a mpoBepka (Trusted
Units of Verification Registry, TUVR) — ghue. 2 [13].

Trusted Accreditation Trusted Accreditation
Registry Registry

|

Bank A Bank A

—— l

Verifiable Verifiable Verifiable
Accreditation Accreditation Accredl(ahon

___________________ |
\ l I VR Eank Account | |
Credentlal 1
KYC/AML Bank Account ' |
Attestation Credential ! |

1
|

Individual Accreditations TUV Group-based Accreditations

®@ur. 2. Nznonssane Ha mozena eIDAS 2.0 u EBSI
3a UHJUBH/yaJlHa U IpynoBa akpeguranys [13]

Ennu ot Hali-mMaImaOHUTE IPOSKTH 32 MPHUIIOKEHNE HA
Web3 ca npoekTsT 3a n3rpaxxkaane Ha EBSI nponykumnonan
BB3JIH U MONAPHKKAa UM Ha eBporieiicko HuBo (EBSI — NE
— Node Expansion Project) u pamka 3a camocTosiTesnHa Cy-
BepenHa naeHTnaHOCT (Self Sovereign Identity, SSI) [1, 12].

2.2. ludpoBa HAeHTHYHOCT U HU(POB
noprgei

Pernament Ha EC 3a iudposara unentuanoct (EC) Ne
910/2014 onucBa enekTpoHHATa UACHTH()UKALUS U YCITYTH-
TE 3a JIOBEpUE 32 EJICKTPOHHU TPAH3aKLUH HA BHTPEIIHHS
nasap. Toil npenocTasst perynatopHa cpesa 3a eJeKTPOHHA
uieHTnGUKAIUs Ha GU3MYECKH W IOPUANYECKH JINIA U 32
yciyru 3a foBepue, kato eIDAS npennara neHTpanuzupana
iar(hopma, KOsITO TI03BOJIsSIBA HA 3aHHTEPECOBAHUTE CTPAHU
U yYaCTHHLUTE Ha 1M(POBHs €IUHEH Ia3ap Jia MojydaBar
uH(opMaIYs JIECHO U MTPO3PAYHO U UHCTPYMEHTH, CBHP3a-
HHU C €JICKTPOHHA MJICHTH(UKAIKS U YCIIyTH 3a J0BEpHe.

Pamxkara 3a mudposa unenruunoct Ha EC (https://
eidas.ec.europa.eu/efda/) eIDAS2 ycraHOBsiBA mnpaBHa U

TEeXHMUYECKA paMKa 3a HaJEKIHH JCICHTPAIN3UPAHN UICH-
traaocTH ¢ EC ¢ m3nomsBane Ha nngpos nmoptdeiin (Digital
Wallet, EUDIW) u cBpp3ann (KBaIH(HUIMPAHH) YCIyTH 32
nosepue, konto u3nonssar win He DLT. PermamenTsT noda-
Ba criermanusupana ycmyra QTSP (Qualified Trust Service
Provider) 3a enextponen peructbp. Lludpposust (aurura-
neH) mopTdeiin B kontekcta Ha EBSI e B onmaiitn mamer,
KOSATO TIO3BOJISIBA J1a C€ CHXPAHABAT Oe30MacHO HUPPOBU
aKTHBH U MH(pOpMAIWs, HanmpuMep nupoBU cepTH(hUKATH
u uHpopManms 3a TH(PoBa HACHTUIHOCT. DYHKIMOHATHO
TOH e mojo0eH Ha TpaauimoHneH noprdeitn. Korato mopt-
(GelapT € mpeMuHal yCIeIIHO TecTa 32 CbBMECTUMOCT, €€
Hapoya CbBMECTUM HOPTQEi, 3a10TO TeCThT HOTBBPK/Ia-
Ba, 4e MOPTHEHITBT OTroBaps Ha ONPEACICHUTE CTaHIApTH
32 TPOU3BOAMTEIHOCT M (YHKIMOHAIHOCT, HE3aBHCHMO
Janyu € mopTdeiis 3a mpuTekaTeny, U3AATeI WM MPOBe-
psBamu (BanmaaTopu). TecThT 3a CHBMECTHMOCT OIICHSBA
crocobHOCTTa Ha TmopTdeiina na oOpaboTBa ymocToBepe-
HUSI, IPEOCTaBEHH OT (PMKTHUBEH M3/1aTell 1 J1a TH BPbIIIA Ha
(PUKTHBEH BalIuIaTop.

PaznuanuTe moprdeiinn npemarat pa3nudHu QyHK-
nuonanHocTH kato Hanpumep KYC (Know Your Customer)
n KYB (Know Your Business). KYC mposepsBa camo-
JIMYHOCTTA Ha AajeHo aune, nokaro KYB nposepssa camo-
JUYHOCTTA U CTPYKTypara Ha AajeH Ou3zHec cyOekT. B xoH-
TEeKCTa Ha OOMEH Ha MpoBepuMH yroctoBepeHus Ha EBSI
ce pasrpaHHyaBaT TPU Pa3INYHHU THNA (YyHKIHOHATHOCTH,
KOWTO WHIMBHIYaTHHUAT TMOpTdeinm Moxe ma m3bepe na
Ipe/iIara caMoOCTOSATENTHO MIH B KOMOWHALIUS:

e JIloprdeiisin 3a npurexarenu. Morar na uckar

n3gaBaHe Ha mnposepuMu ymoctoBepeHus (VC)
M J1a TH TIOJMy4aT MOMEHTAJIHO WM C OTIOKCHO
JEWCTBHE U 1a TH ChXPAHSIT.

e Tloprdeiia 3a u3narenu. Te3u moprdeitnu mos-
BOJISIBAT HA OPTaHM3ALMH KaTO YHUBEPCUTETH HIIH
MHHHUCTEPCTBA Ja YIIPaBJISBAT CBOUTE aKpeIUTa-
IIX B OJIOKYEHH PErncThpa U Jla U3/1aBaT MpOBEpH-
MH yZOCTOBEPEHHSI Ha MIPUTEKATEITITE.

e Tloptdeiia 3a mpoBepsBamm. Te3u mopTdeitan
MO3BOJISIBAT HAa OPTAHMU3AIMK KaTO acOLMAlNH, Ka-
Mapu, KOMITaHUH (HarmpuMep paboTomaTeNn) WiH
YHHUBEPCHUTETH J1a TIPOBEPSBAT aBTEHTUYHOCTTA Ha
MPOBEPHUMO YIOCTOBEPEHHE, MIPEICTABEHO OT MPHU-
TEXaTell.

JrppxaBute wienkn Ha EC mie m3mon3Bar 3amTeH
murutaned noptdeitn EUDIW 3a ceBMecTHMa cxema 3a
€IIEKTPOHHA WACHTU(PHUKAIINS.

3. VeloxWallet — nururanen noprdeiin
3a eJIEKTPOHHA UIEHTUYHOCT

B pesysrar Ha HaTpyMaHUTE 3HAHKS M ONUT CKUITBT Ha
Veloxoft pazpadoru VeloxWallet, odpurmanen EBSI nopr-
¢etin [5]. Kommanusita Veloxoft e ceprudunmpana mo cras-
naprute ISO9001 n ISO27001. Ta e akpenutupana ot Opra-
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Hu3anuATa 3a qoBepeHa akpemuranus (Trusted Accreditation
Organization — TAO) B EBSI u e cp3naren Ha HHULIMATHBATA
OpenEBSI, kpaero opraHm3anusaTa W3MBIHABA PONIATa Ha
Root TAO, mpenocTapsia pamka 3a Ch3JaBaHe Ha JTOBEPEHU
YYaCTHHIN U eKcriepuMeHTH ¢ pearnu EBSI moTorm.

VeloxWallet e enHo OT mbpBHUTE OBATAPCKU PELICHHUSA,
pricanu B EBSI Wallet Conformant crinceka. Toit e cp3ma-
ner ot Veloxoft Ltd., TexHOTOTWYEeH MapTHROP B HAKOJIKO
eBPOTEHCKN NHUIMATHBH, cpeq kKouto OnePass, TraceFarm
u EBSI Node Expansion. [TopTdeinpT mpennara curypes,
MIpO3padeH U yIOOCH HHCTPYMEHT 3a yIpaBJIeHHe Ha H(PO-
BU MJCHTHYHOCTH U IIPOBEPUMH YIOCTOBEPEHHUSL.

3.1. ApXUTeKTypa U1 KOMIIOHEHTH

ApxuTeKTypara M03BOJISIBA CUT'YPHO YIIpaBICHHE Ha
KJIFOYOBE, MOAIICBAHE U BAIUAMPAHE HA YAOCTOBEPEHUS C
mbiaHa cbBMecTUMOCT ¢ eIDAS 2.0 u OpenlD4V C nmpoToko-
mure. VeloxWallet ce ocHoBaBa Ha MOJyJIHa apXHUTEKTypa,
BKJIIOYBAIIA CJICTHUTE OCHOBHU KOMIIOHEHTH:

* Yeo wunHrepdeiic. Paspadorer ¢ React]S u
TailwindCSS, npemocraBs iecHa HaBUTAIHS U BU-
3yaJlHO yIpaBJICHHE HA YIOCTOBEPEHHUSTA.

e Backend ycayra. NodelS cbpBbp, OChIIecTBsIBAI]
kpurtorpadcku oneparuu 1 Bpb3ka ¢ EBSI API.

* WnTerpanuonen ciaoi. [logabpika 10cThI 10 OC-
Hoeaute EBSI ycimyrun — DID Registry, Trusted Is-
suers Registry, Trusted Schemas Registry u Times-
tamp Service.

e Evrotrust marerpanusi. [lognpsixka Ha kBaudu-
mpan enekrponet noanuc (QES) n aupekTHo cb3-
nmaBane Ha did:ebsi unentudukaropu upe3 QTSP.

3.2. OYHKIHOHAIHOCTH

e Cn3naBane Ha DID. T'enepupane m peructpa-
U Ha JCLECHTPAIN3UPAHN UICHTH(PHUKATOPH TIOA
did:ebsi nmm did:web.

° W3naBaHe M mMpoBepkKa Ha ylocToBepeHus. 13-
nomsBane Ha VC u VP dopmaru (JWT u JSON-
LD) ciopen EBSI cnienndukamnumre.

e Huterpaunms ¢ QTSP. Kpanuduupanu nmoanvucu
uype3 Evrotrust 3a ropuauyecka BaJIuIHOCT.

* OpenlD4VP npencraBsinusi. Peanm3anust Ha 110-
TOIIX 32 YIOCTOBEPSBAHE MEKIY MPUTEKATEIHN, U3-
JTATeJIH U TIPOBEPHUTEIH.

° OpraHu3anuoHHH HIeHTHYHOCTH. [lommprikka
Ha Omsnec obextu (SME, NGO, University) upes
TAO akpenurarusi.

3.3. Veloxsoft kato TAO u Root TAO
B OpenEBSI

ITpe3 2025 1. Veloxoft Ltd. Geme akpenurupana ot
EBSI karo Trusted Accreditation Organization (TAO), xoe-
TO ¥ [I03BOJISIBA 12 Ch3/1aBa, YIIPABIISIBA U aKPEIUTHPA JTOBE-
PEHHU YYacTHHUIIM B €KOCHUCTEMATA.

achievements and applications | mocTukeHus ¥ MPUITOKEHUS

Karo TAO Veloxoft Bede nma ipaBOMOIITHE 14 PETHC-
tpupa Trusted Participants (TPs) — opranu3zarmm, KOuTo MO-
TaT /1a U3/1aBaT U BaJIUIUPaT yA0CTOBEPEHHS B ChOTBETCTBHE
¢ EBSI crannaprure.

Hemro noBeue, koMnaHusiTa CTapTUpa COOCTBEHA NHU-
nuatuBa — OpenEBSI, B xosito Veloxoft e Root TAO.

OpenEBSI cimyku KaTto OTBOpPEHA EKCTIEpUMEHTaIHA
MpeKa 3a pa3paboTUHIN, YHUBEPCUTETH U OM3HECH, KOUTO
xKemasT xa BHeApaT u TectBaTr EBSI TexHonornu B peamHu
crieHapuH, 0€3 aIMUHUCTPATUBHU OTPAHHUYCHUSI.

3.4. 3Hayenne U BbL3MOKHOCTH

Ponsita Ha Veloxoft kato Root TAO e cTpareruuecku
Ba)KHA, 3aILl0TO:

» [lo3BonsiBa HE3aBUCHMO YIpPaBICHUE Ha JOBEpPU-
tenau Bepuru (Trust Chains) B choTBeTCTBHE C
EBSI apxutexrypara.

» JlaBa BE3MOXHOCT 3a OBbP30 M3/1aBaHE U TECTBAHE
Ha YJIOCTOBEPEHHUSI OT PA3IMYHU THITOBE (JIUTIIIOMH,
(upMeHH aKpeauTalny, JIUIEH3H, CEPTUPHUKATH).

¢ (Cp3maBa ocHOBa 3a JIOKaJHU U Tematnudnu EBSI
xb00Be, HarpuMep B 00pa30BaHUETO, 3EME/ICITHETO
1 ITyOJIMYHUTE YCITYTH.

* OcurypsiBa TEXHOJOTHUEH CYBEPEHUTET — BCSKa
OpraHM3aIysi MOXKE J]a BHEJPU U YIPaBIsiBa CBOU
cOOCTBeHN LU(POBU HACHTHYHOCTH O€3 IeHTpa-
JU3UpaHa 3aBUCUMOCT.

* ViecHsiBa yyacTHETO Ha OBJITApCKH KOMIIAHUHM U
MHCTUTYLIUU B €BpoOIelickaTa ekocucTeMa 3a J0Be-
pue.

3.5. CHUrypHOCT ¥ CLOTBETCTBHE

VeloxWallet 1 OpenEBSI ce npunarar akTHBHO B Hsl-
KOJIKO €BPOTICHCKH HHUITHATUBH:

* OnePass (Horizon Europe). /lururamHa uaeH-
traHocT 32 MCII 1 gocthil 10 huHAHCHpAHE.

e TraceFarm. M3naBane Ha y1oCTOBEpEHUS 3a IIPO-
W3XOJ] Ha arpapHH MPOTYKTH.

* Digital Europe Node Expansion. larerpanus na
TAO u Node yciyru 3a myOnuuHE aJAMHAHHUCTpa-
U,

e IIpemunatu TectoBe mo EBSI Conformance
Testing Framework.

IToprdelinbT wW3MONM3Ba KPUIITOTPAPCKH 3aAIMUTEHO
ChXpaHEHHE Ha KIIIOYOBE, MH(POBAHH XPaHHUIIHIIA 32 YIOC-
TOBEPCHHS U HA/ICKIHU JOBEPUTEITHH CIIMCHIN 32 BepHpH-
KaIrusl.

VeloxWallet 1 OpenEBSI ce ocHOBaBat Ha MPUHITATIH-
TE€ Ha JOBEPHE M MIPO3PATHOCT, KaTO CIIa3BaT:

e e¢I[DAS 2.0 u ETSITS 119 312 cranmaptu.

* GDPR wu3uckBaHus 3a TOBEPUTEITHOCT HA JTMYHHU
JaHHH.

* SO 27001 mpakTuku 3a ynpasieHne Ha HHPOpMa-
IIUOHHA CUTYPHOCT.
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+ EBSI Conformance Framework n Node Security
Guidelines.

B cucremara ce usnonzsar WAF 3amura, Kpunro-
rpadcka n3omarus Ha kmogoBe, SIEM HabmoneHne 1 aBTo-
MaTHYHO BaJUAMPAHE HAa CEPTUPHUKATH.

4. 3akiaoueHue

VeloxWallet u OpenEBSI npencrapnsiBar ciienpamiara
CTBIIKAa KbM H3TPAXIaHEC Ha JOBEPCHA, JCIICHTPAIH3UpaHa
U CbBMECTHMa HH(]pacTpyKTypa 3a 1udpoBa HICHTHIHOCT
B EBpomna.

Upes craryra Ha Root TAO Veloxoft He camo BHenpsi-
Ba CBPOICHCKUTE CTAHIAPTH, HO U TH PA3IIUPSBa, MPEI0C-
TaBsAUKHU TUIaT(GopMa 3a MHOBAIIMU U CKCIIEPUMEHTH B peall-
Ha OJIOKYEHH cpefa.

Te3u pemicHHus TO3UIUMOHUpPAT beiarapus karo ak-
TUBCH YYaCTHUK B €BpOIICHCKaTa eKocUCTeMa 3a mudposa
HUJCHTUYHOCT U JIOBEPHUC C PealicH MPUHOC B PA3BUTHETO HA
obnemara European Digital Identity Wallet pamxka.
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O010 chOpanue Ha Cbro3a

10 ABTOMATHKA U HH(POPMATHUKA
»J7KOH ATanacoB* (CAH) — 2026 1.

Ha 2 roim 2026 . Cp1o3bT 10 aBTOMaTHKa ¥ HH(OpMa-
THKa ,,J[>koH Aranacos” (CAIN) nposene O6mo crOpanue, Ha
KOETO OeIe MpEe/ICTaBeH OTYETHMSAT JOKJIA/ Ha YIIpaBHUTEN-
Hus cbBeT Ha CAMU 3a nefinoctTra My B iepuona 2022-2025 .

CAMU e nHumarop 1 ycnenieH OpraHu3arop Ha Mopey-
I1a OT CJUTHU HayYHH (POPYMH TOJ] erujaTa Ha BUCOKOIIPEC-
TIDKHU MEKTyHApOJHHM OpraHM3alyy B oOnacTra Ha MHQOp-
ManuoHHuTe TexHonorun u asromarukara — IEEE u IFAC.
[NpoBexaanero Ha MOJOOHN 3HAYNMH HAy4IHH (opymHu B Bbi-
rapusi € Bb3MOXKHO OarogapeHne Ha HATMIUETO Ha BUCOKOK-
BaTM(HUIIPAHN YUCHH U CIICIUAINCTH, CIIOCOOHH J1a CH MapT-
HUPAT ITBJIHOLCHHO M YCIICIIHO ChC CBOWTE UY>KIECTPaHHU
xoneru. Cpen unenosete Ha CA nma HEMalIKo yTBBPICHU U
BOJICIIIM YUCHH U CIEIUAINCTH — IMEHHO T€ Ca Hal-TOIIMOTO
GorarcTBO Ha opraHuzanusTa. [IpakTHueckn BCHUKH NU3sIBEHU
OBITapCKH YUYCHH U CHELMAIIMCTH B T€3H MPO(QECHOHATIHN Ha-
TipaBJIeHust ca oOXBaHaTH oT cucremara Ha CAU.

B oruernus noknan na Ynpasurennus cbBeT Ha CAU
3a nepuona 2022-2025 1. Gemre akIEHTHPAHO BBPXY roje-
Must Opoil MPOBE/ICHN MPECTHKHU MEKIyHAPOIHH KOH(e-
PEHIIMH ¥ CUMITO3MYMH, CPE KOUTO:

» Ist IFAC Workshop on Control for Smart Cities
(CSC 2022) — Cozomnour;

» 12th IEEE International Conference on Intelligent
Systems (IS°24) — Bapna;

* UYerupu u3nanus Ha IEEE International Conference
Automatics and Informatics (ICAI) — ICAI’22,
ICAT’23, ICAI’24 u ICAI’25 — Bapna;

» JIBe m3nanus Ha IEEE International Conference
Big Data, Knowledge and Control Systems
Engineering (BAKCSE) — BAKCSE’2023, Codus,
n BAKCSE’2025, banks;

* Yerupn MeXTyHAPOJHN KOH(PEPEHIMH IO KOM-
MIOTHpHU cucteMu U TexHosorun CompSysTech —
npe3 2022, 2023, 2024 n 2025 r. B Pyce;

e Yernpn wu3MaHMSA Ha TPAJULIUOHHMS MEXKTyHa-
POZIEH CHMIIO3UYM ,,YIIpaBJICHHE Ha CHEPrHIHH,
exosornyHn 1 uaaycrpruanau cucremu™ (YTEOC)
— mpe3 2022, 2023, 2024 n 2025 r. TIpe3 2026 .
CUMIIO3UYMBT L€ c€ MPoBeJe 3a 34-TU IBT.

Esxxeromno CAW orbensizBa ThpxkecTBeHO [lHHMTE Ha
JloH ATaHacoOB, KOUTO BKJIFOUBAT:

* Or0ensi3BaHe HA TOAMIIHUHATA OT POXKACHHETO Ha

JIxoH ATaHacoB Ha 4 OKTOMBpPH — pOXJI€HATAa J1aTa

Ha matrpona Ha CAl, obsiBena 3a [len Ha undopma-

IIMOHHOTO OOIIECTBO M MPO(EeCHOHAICH MTPa3HUK

Ha CINENUAIUCTUTE 10 KOMIIOTbPHA TEXHUKA, UH-
(hOopMaIIMOHHY TEXHOJIOTHH M aBTOMATHKA.

* VYyacTue B €XerofHaTa LepeMOHHs M0 BPbUBAHE
Ha NPECTHKHUTE Harpau ,,JkoH ATaHacoB Ha
npesuaenTa Ha PenyOmuka Bwirapws, ydpenenn
npe3 2003 r. Harpagure ce npuchxkaaT Ha U3BEHU
MITaau ObJITapCcKy YUE€HH, H3CIIEA0BATCIN U YICHH-
11 B o0y1acTTa Ha KOMIIOTBPHHUTE HAyKH U HHPOP-
MaI[MOHHUTE TEXHOJIOTUU.

* IlpoBexaane Ha MEXITyHAPOIHNUTE KOH(EPEHINH
»~ABromaruka n uadopmaruka“ (ICAI), xouto ca
yacT OT nporpaMara Ha JInute Ha J[»koH ATaHacoB.

[Ipe3 oTyeTHUS MEeproa B paMKHUTE HA TPATUIIUOHHUS
Kny6 CAMU ca nposenenn o6mo 33 coupku. Kiydo CAU e
cp3naneH npe3 1981 r. mo unnumaruBa Ha yiaeHosere Ha Ko-
muteta 1o apromarusanus keM [{C Ha HTC ¢ nen oomen
Ha OIMUT M MH(OPMAIMS 32 HAYYHUTE ITOCTIKCHUS Ha dJie-
HOBETE Ha KiIy0a, pe3yiATaTuTe OT TEXHUTE M3CICIBAHUS 1
BB3HUKHAJIUTE TPOOIEMH.

Beue 45 romuam Kny6 CAU mpopwmkaBa ma Obne
€/IHO OT HaW-TIPUBJIEKATEIIHUTE U TIOITYJISIPHA MEPOTIPUSITHS
nHa CAM. 3a ToBa rojisiM MprHOC UMaTr (GUPMHTE, KOUTO 3a-
CITy’KaBaT UCKpEHa OJaroapHOCT 3a MOAKperaTa u ChleH-
CTBHETO CHM NpW OpraHum3upaHeTo Ha cOupkure. Hapen c
BB3MOXXHOCTUTE 32 YOBELIKH, KOJICTHATHH U TTPOeCHOHaI-
HU KOHTAKTH TPEACTaBsIHETO HA (pUPMUTE U pa3pabOTKUTE
Ha HaIllM KOJIErW Mmo3BoiisiBa Ha wieHosere Ha CAU na ce
3all03HaBaT C TMOCTIKEHHUATA W MpOOJeMUTEe Ha peajHara
MKOHOMHMKA M HayKaTa B oOJlacTTa Ha aBTOMATHKaTa W WH-
¢dopmarukara.

B neprona 2022-2025 1. ca u3naznenu 16 6pos Ha cnu-
caHue ,,ABromaruka u uHdopmaruka“. CrnucaHueTo ce u3-
JlaBa OT M3/IaTeJICKH CHBET M PEAKOJIETHS MO/l PHKOBOICTBO-
TO Ha IVIaBHUS pEeAaKTop akajxl. MuHuo XaKUICKH.

B penxonerusita yuactsar 47 penakropu ot 14 nbpaxa-
BU: 28 U3sIBEHH YUCHU OT OBJITapCKH YHUBEPCUTETH U HAYY-
HU MHCTUTYTH ¥ 19 yueHm ¢ adpuimanus B 4y>KA€CTPAaHHA
YHHUBEPCUTETH, HaydHu nHCTUTYTH B ¢upmu ot CAILL (2),
Bemukobpuranus (2), Ascrpanus (3), Kuraii (1), CioBenns
(2), Cnosakus (1), Pymbaus (1), [opryramus (1), [Tomma
(1), Upnanmust (2), Hosa 3enanmust (1), Azepbaiimkan (1)
u Coepoust (1).

Karo nznanune na CAU cnucanuero peroBHO 0Tpa3sBa
MIPOBEXIAaHUTE KOH(EPEHIINH, CUMIIO3MYMH, CEMUHAPH U
JIPYTH HaydHH (OpYMH, KaKTO U CHOWUTHSI, CBbP3aHNU C JICH-
HocTTa Ha Chlo3a.
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B crmcanmero ce myOnuKyBar cTaTMH Ha OBJITApCKU
U aHDJIMHCKM €3MK CJIe]l peLleH3UpaHe OT Hall-MaJIko ABama
HE3aBHCUMH PEIeH3eHTH. To ocurypsiBa cBOOOIEH TOCTHII
B MHTEPHET JI0 IIBJIHUTE TEKCTOBE Ha CTaTHUTE Ha Obirap-
CK{ WM aHIJIMICKH €3WK, KAKTO M JI0 pe3foMeTara MM Ha aH-
mmiickn e3uk. Ha caiita Ha CAW nma otaenHa cTpaHuIa ¢
BpB3Ka KbM CIIMCAHHUETO, KBACTO Ca MyOIMKYBAaHH BCHUKH
6poese ot 2016 . HacaMm.

ImaBHMST M3BOA B oTYeTHHS JoKIan e, ue CAU ,,JIxoH
AtaHacoB“ Tpomb/DKaBa Ja C€ Pa3BHUBA BB3XOINIO KaTo
Half-aBTOPUTETHATa TBOPYECKO-TIPO(ECHOHATHA OpTaHu3a-
1Sl Ha OBJITAPCKUTE CTICHATICTH M0 KOMITIOThPHA TEXHHKA,
WH(POPMAIIMOHHN TEXHOJOTHUH W aBTOMATHKa. ma BCHYKH
OCHOBAHMS JIa CE OUaKBa, Y€ Ta3H IOJIOKUTECIIHA TCHICHIINS
1€ Ce 3ama3y 1 Mpe3 CICSIBAIII OTICTEH ITePUO.

O6moro crbpanue Ha CAW npue rogumaus GUHAH-
coB oT4eT 3a 2025 T. BbB BCHUKHUTE My YaCTH B CbOTBETCTBHE
ChC 3aKOHa 3a CYCTOBOACTBOTO M 3aKOHA 32 IOPUIAMICCKUTE
JIMIIA C HECTOIAHCKa IIeT.

B moxmama cu CBHIO3HUAT KOHTPOJCH CHBET HAIPaBU
n3Bona, 4e YmpasurenHusAT chBeT Ha CAU mpoBexaa yc-
rernrHa (pUHAHCOBA MOMUTHKA. KOHTPOIHUAT ChBET 0H00OpH
KaTo LU0 IEHHOCTTa Ha YIpaBUTENHUS CbBeT U V3NbiaHU-
tenHoTo Ofopo Ha CAM, KaKkTo M MpeIOKEHUTE TOAXON U
HACOKHM 3a padoTa mpe3 cIeBaIns OTICTeH MEPUO/.

[lo-BaxHUTE OT MPUETUTE HACOKU 3a NEHHOCTTA Ha
CAWU ,,Jlxxon Ataracos‘ 3a mepuoaa 2026-2029 r. ca:

* Opraau3anoOHHO Pa3BUTHE U YICHCKA ITOJUTHKA;

* HayuHo-TexHHYECKa U U3/1aTENICKA JEHHOCT;

» IlapTHROpCTBO € OWM3HECAa, WHOBAIIMOHHATA CKO-
CHCTEMa, CPOTHU MHCTUTYIIUU U CAPYKCHHUS;

*  MeXayHapoIaHO ChTPYIHUIECTBO;

* Ponst na CAU B 0011€CTBEHUTE TTOTUTHKY;

* HoBU TeXHOIOTHYHN IPHOPHUTETH;

» OOpa3oBaHue U Pa3BUTHE HA KAAPH;

» Tlomynspusupane Ha mpodecusara u oOIIEeCTBEHA
JICHHOCT;

» VcTopus, Tpaauy 1 HHCTUTYIIMOHATHA TTaMET.

O6mroto cropanne Ha CAU npue 6romkera Ha CAU 3a
neprona 2026-2029 .

He 6s1xa HanpaBenn npoMenu B YcraBa Ha CAL.

Berre npoBesieHa mpoiieaypa 3a u300p HA HOBH PBKO-
BomHM opranu Ha CAW. O6moro crbpanne ocBobonn mo-
CeraiiHUTe 4ICHOBE Ha YmpaBuTenHHs ChbBeT U CHIO3HHS
KOHTPOJICH ChBET M M30pa HOBHU 4YJICHOBE Ha J[BAaTa ChBETA.

[porecute Ha r100aNK3aIMs CE YCKOPSIBAT HETTPEKbC-
Haro. MH(pOpMaIIMOHHUTE ¥ KOMYHUKAIIMOHHHUTE TEXHOJIO-
MU ¥ U3KYCTBEHUSIT MHTEJICKT 3aeMaT BCE MO-BAKHO MSICTO
B CBETOBHOTO pa3BuTHE. Te3u TEHACHIMU MOCTaBAT HpeN
CAMW HOBU ¥ TO-OTTOBOPHU 3aJa4M, KOUTO III¢ OKa3BaT BCE
MO-CHIIECTBEHO BIUSHUE BBPXY JACHHOCTTA MY Ipe3 Ciel-
BaIl[UsT MaH/IAT.

PbkoBoanu opranu Ha CAU

Ha 2 romu 2026 1. O6mmoro crdpanne Ha CAU mpose-
Jie Tporerypa 3a n300p Ha HOBM PBKOBOJIHH opraHu. bsxa
0CBOOOZIEHH JTOCETallIHUTE YJICHOBE HAa YIPaBUTEIHHS Chb-
BeT ¥ ChIO3HUS KOHTPOJICH ChBET M 0s1Xa N30paHK HOBH dJie-
HOBE Ha JIBaTa ChBETA.

Yupasurteiied cbBeT Ha CAU

3a mpencenaren Ha YmpaButenHus cbBeT Ha CAU
»J[’KOH Atanaco* e npenszopan npo¢. Kocra bomnakos. 3a
3aMEeCTHHK-TIpeJIcelaTeNl Ha YIIPaBUTEIHUS ChBET ca mpe-
n30pann axan. Bacun Crypes, non. Becenmun AxuBaHOB,
npod. Kamen Cracos, wi.-kop. JIto0ka JlykoBcka u npod.
Hukona Huxomnos.

HoBu uneHoBe Ha YnpaBUTeIHUS ChBET ca Aol. Mua
Wnnesa-O0peTeHoBa ot karezpa ,,EnexrpoeHepreTrka u aB-
ToMaruka*“ Ha MUHHO-TeoN0KKHs yHUBepcuTet ,,CB. IBaH
Puncku* — Codwust, n nou. Tanst Turosa-Kocryprosa ot ka-
Teapa ,,Cuctemu 3a ynpasieHue Ha TeXHUUECKusl yHUBEp-
curet — Codusi, pumman [Tnosaus.

Cnbl1o3eH KOHTpOJIeH cbBeT Ha CAU

3a nmpeacenaren Ha CbIO3HUS KOHTPOJEH CHBET € U3-
Opana npod. Wnunust baukosa. 3a HOB wieH Ha CHIO3HUS
KOHTPOJIEH ChBeT € n3dpan npod. Heruo Jlenniickn.

M3nbanurtenno 61opo (Ub) na CAU u pa3npenee-
HHE HA JJIbKHOCTHTE B HEro

1. TIpod. Kocra bomnakoB — mpencenaren wa Wb u
npeAcenaren Ha brirapckus HalMoOHANIEH KOMUTET 3a
IFAC.

2. Axan. Bacun CrypeB — 3aMecTHHK-TIpejcenaredn,
BBHIIHY Bpb3KU U IEEE.

3. Jlou. Becenun AkuMBaHOB — 3aMeCTHHUK-IIpe/Cea-
ten, Kityd CAU u xirbeTep ,,MexaTpoHHKa U aBTOMa-
tu3anms (KMA).

4. Tlpod. Kamen CmacoB — 3aMeCTHHK-TIPEICEIATEN,
koH(pepeHun 1 cummnosuymu, Kiryo CAU n Bpb3kn
C UHIYCTpUsATA.

5. Un.-xop. JIroOka JlykoBcka — 3aMECTHUK-TIpE/ICEa-
TeJ, HAy4YHH ACHHOCTH, KOH(EPEHINH W CHMIIO3H-
yMH, pabdoTa ¢ MJIQINTE ¥ BPB3KHU C OOIIECTBEHOCTTA
(PR) na CAU.

6. Tlpod. Hukona HukomoB — 3aMECTHUK-TIPEACEIATEN,
KOH(EPEHIINH ¥ CUMITO3HYMH.

7. Tlpo¢. Bragumup Momos — wien, MexayHapoxHu
Bpb3ku ¢ IFAC u IEEE.

8. Tlpo¢. VBan Kypres — uieH.

9. Axan. Munuo XaIKuiCKHU — 4iI€H, IIaBEH PEAAKTOP
Ha CIycaHue ,,ABToMaTnka u nH(popMaTuka“.

10. JTon. Cranumup MopaaHoB — wieH, BPB3KH C PerH-
OHUTE.
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Hacoku 3a gennocrra Ha CAU
»J17KOH ATaHacoB* 3a nmepuona 2026-2029 r.

1. Opraﬂmaunomlo pa3dBuTHe M WICHCKA MOJUTHKA

1.1. YBenuuaBane Ha uieHckusi chetaB Ha CAU uypes
MIPUBJIMYAHE HAa MJIAJIU CHICLUAITICTH, JTJOKTOPAHTH U
CTYICHTH, CIICLUAIIICTH OT OU3HEeCa U MHLyCTPUsTa,
KaKTO M OBJIrapcKH YU4eHH U eKCIIepTH, paboTelu B
qyKOHHa.

2. HayyHo-TexHHYeCKa M M3aTe/ICKa JeHHOCT

2.1. IlpoabikaBaHe 1 pa3BUTHE HA MEXAYHAPOIHUTE Ha-
YYHH KOH(EPEHIINH, OPTaHN3UPAHH TI0]1 eTHaTa Ha
CAN.

2.2. IloBuIlIaBaHE HA Kauy€CTBOTO, MEKIyHAapOJHaTa BU-
JVMOCT 1 HayYHOTO BB3/ICHCTBHE HA CIMCAHUATA U
m3nanusita Ha CAU.

2.3. HacppuaBaHe Ha MyOIMKAallMOHHATa AKTHBHOCT H
Y4acTHEeTO Ha MJIAJHM YYEHH M CTYJICHTH B KOH(e-
penunre, oprannzupanu or CAM, upes crenuanan
KOHKYpPCH, Harpaay ¥ TEMAaTHIHHU CEKIHH.

2.4. Tlommynsapu3upane Ha IOCTHKEHHUATA Ha ObIrapcKuTe
Y4Y€HH, NH)KCHEPH 1 CHEINAIIICTH B 00J1acTTa Ha aB-
TOMaTHKaTa 1 HHpOpPMaTHKaTa.

3. [TapTHBOPCTBO ¢ OU3HECA, HHOBALIMOHHATA
€KOCHCTEMA U CPOJHU MHCTUTYIMHU U CAPYKEHHSI

3.1. PasmmpsiBaHe Ha CHTPYTHUUECTBOTO C UHTyCTPUATA
1 paboTOAATEIICKUTE OPraHU3aluy Ype3 ChBMECTHU
WHHULUATHBH, (OPYMH U TEXHOJIOTHYHH JIEMOHCTpa-
WM.

3.2. AkruBu3upane Ha aeiiHoctTa Ha Kiyo CAU karo
aropma 3a B3aMMOJICHCTBHE MEXAY HayKaTa,
OuzHeca, Ibp)KaBHATA QJIMUHUCTpANUs 1 00pa3oBa-
HUETO.

3.3. Peanuzupane Ha B3aMMHO TOJIE3HU WHUIIMATUBU U
ceBMecTHH popymu ¢ DHTC, HHTC u Tepuropu-
anHute opranuzanuu Ha HTC.

3.4. TlonoOpsiBaHe HA CHTPYIHHUUYCCTBOTO C KIBCTEPU U
npodeCHoHAHM  OpPTraHM3alMK, BKIIIOUYUTEIHO C
KII'BCTED ,,MexaTpoHUKa U aBTOMAaTU3aIUs .

3.5. Pa3mupsiBaHe Ha BB3MOXKHOCTHTE 3a CIIOHCOPCTBO,
JTAPUTEJICTBO U y4acTHE B CbBMECTHHU MPOEKTH C OU3-
Heca.

4. Me:xk1yHApOAHO CbTPYAHHYECTBO

4.1. YkpenBaHe Ha BPB3KHTE C MEXIyHAPOIHUTE MPO-
¢ecuonanuan opranusaym — [FAC, IEEE u apyru
CPOIHH CTPYKTYPH.

4.2. Cp3gaBaHe Ha MpeXa OT OBITapCKU CIEIHAICTH B
qykOMHa 32 00MEH Ha 3HaHUS, T00pU MPAKTUKA U
CHBMECTHU HHUIHATUBH.

5. Poaisi na CAU B 001IeCTBEHHUTE MOJTUTHKH

5.1. AKTHBHO y4acTre B 00CHKIaHETO U pa3paboTBaHETO
Ha HAI[MOHAJIHU CTPATETHH, IPOrPaMU U HOPMATHB-
HU JIOKYMEHTH B O0JacTTa Ha M3KyCTBEHMs HHTE-
nekt, mudposara TpaHchopManus, €IeKTPOHHOTO
yIpaBJieHUE U KHOEPCUT'YPHOCTTA.

6. HoBM TexXHOJIOTHYHH NPHOPUTETH

6.1. HacouBane Ha 4acT ot neiiHoctra Ha CAUM KBM ak-
TyaJTHH HAIIPABICHUS ChC CTPATETUICCKO 3HAYCHUE!
W3KYCTBEH MHTEIICKT U TeHEPATHBEH N3KYCTBEH WH-
TEJICKT, WHTCIIUTCHTHU IPOU3BOJCTBEHU CHUCTCMH,
pOOOTHKA U aBTOHOMHHU CHCTEMH, HU(GPOBU IIBOW-
wumm (Digital Twins).

6.2. Tlonynsapu3upane Ha MPUHIAITATES HA OTTOBOPHUS U
STHYCH M3KYCTBCH MHTEJICKT U Ha JTOOPHUTE MPAKTHU-
KH TIPY HETOBOTO M3ITOJI3BaHE.

7. O6pa3oBaHue U pa3BUTHE HA KAIPH

7.1. Tloakpena 3a OOyYCHHETO W KBaTU(HUKAIUATA Ha
CHELUAICTH B 00JIacTTa Ha aBTOMarukara, HHpop-
MaruKara v Ii(ppOBUTE TEXHOJIOTHH.

7.2. lonkpena 3a passuruero Ha STEM obpazoBanneTo
1 IU(POBUTE KOMIIETCHTHOCTH CPEJ] MIIAJIUTE XOpa.

8. lMonyasipusupaHe Ha npodecusiTa U 001IECTBEHA
AefHOCT

8.1. [IpompmkaBaHe M pa3BUTHE HA TPATUIMATA 33 OTOE-
Js3BaHe Ha 4 OKTOMBPH — POXKJICHATa JlaTa Ha [aTpo-
Ha Ha CAU, ob6sBeHa 3a JleH Ha HHOOPMAITHOHHOTO
o0mecTBo M IpoQecHoHaleH Mpa3HUK Ha CIelna-
JHMCTUTE 110 KOMITIOThPHA TEXHHKA, HH(POPMAIHOH-
HH TEXHOJIOTHH U aBTOMATHKA.

8.2. PasmmpsBane Ha npuckcTBreTo Ha CAU B mdpo-
BOTO INIPOCTPAHCTBO 4Ype3 CHBPEMEHHU KOMYHHKA-
[IMOHHH KaHaIIM, OHJIAWH CHOUTHS H ClIeHUaIH3Hupa-
HU HH)OPMAIIMOHHU PECYPCH.

9. I/ICTOpl/lﬂ, TPpaAulU1 U HHCTUTYIIMOHAJIHA MaAaMeET

9.1. CucremarnyHo chOMpaHe, ChbXpaHsIBaHE M IOITYJIsI-
pusupaHe Ha Mmarepuanu 3a uctopusita Ha CAU,
aBTOMarukara, MH(OpMarukara M KOMITIOTbpHATa
TeXHHUKa B beirapust.

3akJjroueHne

B mepmoma 2026-2029 r. CAU cnenBa ma ce yT-
BBp)KIAaBa Karo BOJEIIa HAIMOHAJIHA HpodecHoHamHa U
Hay4YHO-TEXHUYECKa OpraHu3anus, oOeJUHsBAIlA HayKaTa,
oOpa3oBaHmeTo, OW3HECa W IBbP)KABHUTE WHCTUTYLUH B
MOZIKpETIa Ha Pa3BUTHETO HA aBTOMATHKAaTa, MHPOpPMAaTHKa-
Ta, W3KYyCTBEHUS] MHTENEKT U nudposara TpaHchHopMarys
Ha bearapust.

aBmonmamuka
uundopnmamuka
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Rittal - The System.

Faster — better — everywhere.

MoptdonunoTo Ha Rittal Automation Systems nogabpka BCUYKM CTHMNKU OT NPOU3BOACTBEHUS NpoLec U yrnpaBneHue

npu HacuwaHe Ha Tabna u wkadose ¢ anapatypa. OT pbYHM UHCTPYMEHTU 40 Hanb/IHO aBTOMaTU3NpPaHU MaLUUHM,
Rittal npeanara wupoka rama ot o6opyaBaHe HaBCsKbAe Mo cBeTa.

®pez3oBu LeHTbLP Perforex Milling Terminal MT

» HanbnHo aBTomMmaTnyHO NpobrBaHe Ha OTBOPU U Hapsi3BaHe Ha pe3bu B koprnycu Ha Tabna u wkadose
N TEXHUTE OTAENHU eneMeHTn

* BbamoHoCT 3a yao6eH nmnopT Ha npoekt ot EPLAN
» MarasvH 3a MHCTPYMEHTU C MaKcumareH kanauuTeT 4o 21 MHCTpyMeHTa
* YckopsiBaHe Ha npoLecuTe Ha Npoun3BoacTBoO ¢ A0 85%

Ka6eneH ueHTbp — Wiring Terminal WT

* HanbnHo aBTomMatuavpara obpaboTka Ha Ao 36 6p. NpoBOAHMLIM C HanpeyHo ceveHne ot 0,5 mm?2 o 6 mm? - psizaHe no
AbIKMHA, OTCTPaHsBaHe Ha M3onauus, KpuMneaHe 1 cneunduyHo 3a NpoekTa eTUKeTVpaHe Ha NPOBOAHULIUTE

* BbamoxHoCT 3a yno6eH nmnopT Ha npoekt o EPLAN Pro Panel n gpyru CAD cucTemu, ynpaBrneHue Ha paboTHUTe 3agaum
ypes Rittal Panel Processing Center (RiPPC)

* Bb3MOXHOCT 3a n3BexaaHe Ha kabenute Ypes cuctema oT marasuHu u/unm BepuxkeH cHorn. O6paboTeHnTe NPOBOAHMLIM MoraT
nAa 6baar nsnckaHu B nocneasallns etan Ha npoueca Ha okabensiBaHe Ha kopnyca ¢ MHCTpyMeHTa “Smart Wiring” ot Eplan.

INasepeH ueHTbLP Perforex LC

* INNazepeH LeHTbp 3a o6paboTka Ha Kopnycu oT NpaxoBo GosiancaHa NamMapuHa, HepbXxaaema cTomaHa
anyMuHWI), MOHTaXHW NIOYN, BPaTK, CTPAHWUYHM NaHENN U NOKPUBHM nnoyun B 3D

» [le6enuHa Ha obpaboTBaHus MaTtepman 4o 5 mm

» O6paborBaema nnoly ot 2250 mm x 1200 mm x 800 mm

* Be3MmoxXHOCT 3a yao6eH uMnopT Ha npoekTn oT EPLAN

f———— |

5 ®yHKUMOHarHa KONMMU4Ka, Korimyka 3a CbXpaHeHMe/TpaHCNOPT U paMKu 3a crnobsisaHe

» PyHKUMOHamMHa konmyka/paboTHa maca — crbBaeMa cucTema KaTo naeanHoTo pelleHve 3a
paboTa Ha obekTa

» Konunuka 3a cbxpaHeHne v TpaHCMOopT Ha NITOCKN eNeMEeHTU KaTo BpaTu, CTPaHUYHU NaHenw,
MOHTaXHU Mnnoyn; ToBapoHocumocT Ao 500 kg

* MoHTaxHu paMKu — 3a MOHTUPaHe U okabensiBaHe Ha MOHTaXHW NaHenu

LleHTHp 3a psA3zaHe Sacarex AC 18

« Psizane Ha DIN perncu u kabenHu kaHanm

* NuTtepdbenic: umnopt ot pasnuuHm CAD cuctemun, EPLAN Pro Panel; Perforex workshop programming
* MaTpuua 3a DIN wwuHa ¢ 5 ctaHgapTHu wabnoxa

* 3HauNTenNHO CnecTsiBaHe Ha BpPeMe B CPaBHEHWE C PbYHOTO psidaHe

O6paboTBaly LeHTbp 3a MeaHu wuHu CW 120
» Mo6unHa CW 120-M u ctaumoHapHa Bepcus CW 120-S; nogxoasilia 3a orbBaHe, LaHLoBaHe U psidaHe Ha
MeAHW 1 anyMUHUEBU LLINHU
* MNopgabpxa psisaHe 1 orbBaHe 40 MakcuManHa wupuHa 120 mm 1 makcumanHa gebenuia 12 mm
* BbamoxHu ca kpbrnm otBopu ¢ @ 6,6 — 21,5 mm, kakTo 1 npopeaun Ao 18 x 21 mm (LW x A)

O
* Rittal npegnara wmpoka rama oT pbYHM MHCTPYMEHTM 3a NpodpecnoHanHa pabota
+ ToBa BKkntoYBa YaHTa/kydapu ¢ UHCTPYMEHTU, OTBEPTKM, KMELLM, PEXELLN MHCTPYMEHTH,
WHCTPYMEHTH 3a LaHLuoBaHe 1 dpesoBaHe, runotuHu DIN wuHu n kabenHu kaHanu
| ]
[ D Gcwosnes ) owenosmeuion 3 cuwatecowmo > mwemastucune 3 sormwneasevoes > /TR

FRIEDHELM LOH GROUP Putan EOO[, Codusa 1592, 6yn. Uckbpcko woce 7, TbproBcku komnnekc EBpona —

Ten.: +359 2 439 0550, e-mail: office@rittal.bg, www.rittal.bg



Honeywell

Perynatop Ha
HanAaraHe DO4FM

Honeywell BbBefe OT 1-BM MapT HOB MOAen perynarop
Ha HanaraHeto DO4FM, KoinTo 3ameHn ceralwHma DO4FS.

DO4FM ce pa3nnuaBa OT NpeauLLHUA MOOEN Npeam BCUYKO,
C NO-TOYHATa BEHTUIHA BNOXKa (M3N0N3Ba Ce KOHTPOSHA
MeMOpaHHa TEXHOMOMMA 3a HaNsAraHeTo), 3BeCTHa

OT AOKa3aHu npofdyktosu cepunn —DO5F 1 DO6F.

OcHOBHMTE XapaKTepucTukm Ha perynarop DO4FM:

—KomnaKkTeH ansamt

—Kopnyc oT mecunHr

—Konye 3a HacTporKa Ha HanAraHeTo

—KomMneHcrpaHe Ha BXOAAWOTO HanAraHe (MpoMeHmTe Ha BXOAHOTO
HanAraHe He BAMAAT Ha HAaNATAHETO Ha V3X0Aa)

—[Tpy>KmnHaTa 3a HaCTPOKKa Ce HaMMpPa M3BbH BOAHWA NMOTOK

—1ebuT Kvs 1,9 M*/uac

- DVGW cnopen DIN EN1567

—WRAS ceptudnumpaH B cboTeetcTMe € BS EN1567

—V13nbnHeHn nanckeanmaTta KTW/W270, WRAS n ACS 3a nuterHa Boaa

pa-pu Ha
HoB mopgen TEerno Kr. onaKoBKaTa (cv) Crap mopen
DO04FM-1/2A 0,320 92 x 42 x 105 DO04FS-1/2A
DO04FM-3/4A 0,360 93 x42 x 105 DO04FS-3/4A

LleHa Ha HOBMA MofEN, KaKTo U HeroeaTa popma
VI pa3Mepu He ce NMPOMEHST.
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CbABbPKAHUE

ABTOMATUKA

B. HoaoB, H. HukosoB. CputHocT 1 BHenpsiBane Ha ESD
CHCTEMH 3a aBapPHITHO M3KJIIOYBAHE MPU yIPABICHUE Ha TeX-
HOJIOTUYHH IIPOLIECH 6

EHEPTUMHUA CUCTEMHU

b. [deamiicka, A. UBanoBa. M3cnenBane W aHaiu3 Ha
YCTOHYMBOCTTa Ha MPOU3BOJICTBOTO Ha OnoeHeprus B boi-
rapus 13

MHNOCTUXEHUSA U ITPUJIOKEHU A

B. UBanoBa, A. bonesa, I1. BacuneB. Pobotuszupanure cuc-
TEMHU B MEIUIIMHATA U XUPYPTUIHOTO 00pa3oBaHUE — €oHA
HEBUJIMMA PEBOJTIOIUSI 18

I1. Baaros, II. PyckoB. VeloxWallet — qururanen noprdeiin
3a eJIEKTPOHHA HJICHTHYHOCT, ChbBMECTHM C €BpOICicKaTa
6moxueiiH nHppacTpykTypa (EBSI) 26

HOBOCTHU, THOOPMAILIUA, OBIIIECTBO

O6mro crOpanme Ha Cpro3a MO aBTOMAaTHKa M WH(OpMaTHKa
»JkoH Atanacos® (CAN) — 2026 . 31

PbkoBoanu opranu na CAU 32

Hacoxku 3a aeitnoctta Ha CAU ,,J[>)k0H ATaHacoB‘ 3a eproaa
2026-2029 r. 33

BposT e usnanen mpes 2026 r.

YKa3aTeA Ha pekAamuTte
M peKAaMHO-UHPOPMaLUOHHUTE
mMaTtepuanu

CAT - 2 xopuya

®HTC - 3 kopuya, cmp. 12
CO®CITPABKA — cmp. 17
PUTAJIL — cmp. 34
XAHMUYEJ - cmp. 35
CUMEHC - 4 kopuya

AGoHupaHe

13
3acn. ,ABTOMaTKa U UHpoOpMaTHKa

A6oHupaHeTo 3a cn. ,ABTOMaTuka u uHpopmaTmka“
MOXKe fa cTaBa upes:

» QupmMu-pasnpocTpaHuTeny.

e CAUN — uenoroauiuHo:
LVPEKTHO B pefakuusTa;
ypes gpyxecTeara u knye6osete Ha CAU;
C npeBof no 6aHkoBaTa cmeTka Ha CAU.

YUneHoBete Ha CAW we nonyuaeaT ChMCaHWETO creg
3annallaHe Ha UNeHCKMs Cv BHOC U MUHUManHa cyma 3a
aboHamMeHM 3a cnucaHuemo.
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SIMATIC HMI WinCC Unified System

Busyanusauua oT HOBO NOKOJIeHHUe.
HeorpaHuueHa r-BKaBOCT.

CB'bp)I(eTe npou3BoacTBeéHOTO HUBO C AUTUTAJTIHOTO
npeanpuaTue

* BUCOKONPOU3BOAUTEIIHU CEH3O0PHU NaHenu

e OTBOpeHa nnatcopma c Edge chyHKLMOHANHOCTH

e besnpo6bnemHa TIA Portal unTerpauus
* [I[po3payHOCT Ha MALUMHHUTE AAHHU

CeBbpiKeTe ce C Hac: SI E M E N S

di.bg@siemens.com



